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ABSTRACT 


Qua  si -continuous  work  schedules  require  individuals  to  function  for 
prolonged  periods  with  few  extensive  sleep  opportunities .  Consequently , 
sleep  loss  may  jeopardize  effective  functioning .  Tire  aim  of  -t&ffie search  has 
been  tp>  ^valuat^the  potential  of  napping  to  facilitate  functioning  in  such  situ¬ 
ations.1  studies  hav?  focused  on  identifying  basic  individual  differences 
in  napping  behavior,  and  determining  the  implications  of  these  differences  for 
the  ability  to  nap,  the  nature  of  naps,  the  purpose  served  by  naps,  and  the 
consequences  of  napping  in  both  sleep-conducive  and  npn-conduci^ (alerting) 
environments .  Thes e  i  s  sues  are  ‘highly/relevant  to  (ttm  implementajyN^f  pro¬ 
phylactic  napping  during  sustained  operations.  -present  an  extensive  studf 
^involvi ng-/both  laboratory  and  field  data  on  the  sleep/wakefulness  patterns, 
napping  behavior,  psychophysiology,  performance,  subjective  activation,  and 
circadian  variation  in  two  types  of  habitual  nappers  and  a  group  of  habitual 
non-nappers .  Replacement  nappers  nap  to  compensate  for  shortened  nocturnal 
sleep  the  night  before,  and  are  the  most  common  type  of  nappers;  appetitive 
nappers1  naps  are  not  tied  to  reduced  nocturnal  sleep,  but  rather  may  be  part 
of  a  natural  biphasic  sleep  cycle.  Appetitive  nappers  exhibit  a  greater  control 
over  napping  than  replacement  nappers.  Confirmed  non-nappers  avoid  napping 
because  it  produces  unpleasant  consequences  for  them,  the  basis  of  which 
might  be  the  intrusion  of  a  consolidated  nocturnal  sleep  pattern  into  their  nap. 
Naps  profoundly  improve  positive  mood  states  in  nappers ,  but  they  also  yield 
immediate  post-nap  performance  decrements  —  related  to  aspects  of  sleep 
infrastructure  —  that  are  relatively  quickly  dissipated.1  Alerting  environments 
and  intense  waking  stimuli  do  little  to  lessen  the  decrements.  An  alerting  nap 
environment  increases  the  proportion  of  light  sleep  during  a  nap  while  recipro¬ 
cally  decreasing  deep  sleep,  but  only  marginally  diminishes  the  subjective 
benefits  of  a  nap  for  nappers .  Nappers  preparing  to  nap  show  lowered  activa¬ 
tion  levels.  This  may  reflect  an  increased  sleepiness  due  to  sleep  need,  as 
seen  in  replacement  nappers,  or  be  indicative  of  control  over  daytime  sleep, 
as  seen  in  appetitive  nappers .  This  preparatory  response  —  which  appears  to 
predict  whether  sleep  will  occur  —  has  implications  for  training  soldiers  to  use 
available  slack  times  for  napping  during  quasi-continuous  operations.  Our 
findings  are  reviewed  in  the  context  of  relevant  literature  on  napping  and  frag¬ 
mented  sleep,  and  interpreted  in  terms  of  contemporary  theories  of  sleep  func¬ 
tion.  We  propose  that  the  next  study  involve  a  specific  test  of  the  efficacy  of 
prophylactic  napping  to  minimize  the  accumulation  of  sleep  debt  and  its  accom¬ 
panying  performance  deficit.  Finally,  future  investigations  should  focus  on 
factors  that  may  enhance  the  control  of  sleep  onset  (without  sleep  debt) ,  and 
the  attenuation  of  the  negative  effects  of  sleep  offset. 
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risks ,  voluntary  participation  and  the  manner  in  which  in¬ 
formed  consent  is  obtained.  The  procedures  were  most  re¬ 
cently  reviewed  and  approved  on  May  15,  1979. 
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I.  BACKGROUND 

Sleep  is  so  fundamentally  a  part  of  our  daily  lives,  and  its  ab¬ 
sence  during  a  24-hour  period  makes  us  so  subjectively  uncomfortable, 
that  there  are  few  of  us  who  do  not  intuitively  consider  sleep  to  be  a 
need  as  basic  to  survival  as  food.  Indeed,  we  average  a  third  of  our 
lives  ful ' tiling  a  recurrent  urge  to  sleep  presumably  to  recover  from  the 
day's  fatigue.  Most  of  us  would  quickly  confirm  that  simply  resting  each 
day,  without  actually  sleeping,  neither  provides  the  sense  of  safisfaction 
we  typically  feel  after  a  normal  night's  sleep  nor  forestalls  the  growing 
pressure  to  sleep  after  even  short  periods  of  sleep  deprivation  (Kleitman, 
1963;  Webb  &  Agnew,  1974a;  Lubin,  Hord,  Tracey,  &  Johnson,  1976). 

Despite  the  ubiquitous  nature  of  sleep,  and  the  apparently  ob¬ 
vious  relationship  between  sleep  and  recovery  from  fatigue,  the  precise 
physiological  benefits  that  result  from  sleep  remain  obscure.  Although 
hundreds  of  total,  partial,  and  selective  sleep  deprivation  experiments 
carried  out  in  the  past  20  years  have  documented  the  dynamic  psycho- 
physiological  nature  of  sleep,  its  multiphasic  structure,  and  behavioral 
and  psychological  correlates  of  it,  relatively  little  insight  has  been 
gained  into  the  association  between  sleep  and  recovery  from  fatigue. 

Nevertheless ,  sleep  loss  does  disrupt  effective  functioning  of 
the  individual.  Studies  of  performance,  psychological  stability,  and 
neurological  integrity  following  sleep  deprivation  in  the  laboratory  have 
shown  debilitating  effects  after  prolonged  periods  of  wakefulness.  The 
effects  are  not,  however,  as  obvious  as  one  might  expect.  Whereas 
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prolonged  sleep  loss  clearly  results  in  increased  irritability,  lapses  of 
attention,  increased  sensitivity  to  pain,  and  eventually  fine  hand  tremor, 
diplopia,  and  drooping  eyelids,  it  does  not  produce  performance  decre¬ 
ments  on  short,  well-learned,  interesting  tasks,  nor  does  it  inevitably 
result  in  either  profound  psychopathology  or  gross  neurological  impair¬ 
ment  (see  Johnson  &  Naitoh,  1974).  Further,  highly  motivated  individuals 
are  capable  of  maintaining  relatively  good  levels  of  performance  for  some 
time,  but  their  functioning  on  boring,  complex  tasks  requiring  continuous 
attention  inevitably  shows  progressively  greater  decrements  (see  Naitoh, 
1969;  Johnson  &  Naitoh,  1974).  Similarly,  in  field  studies  of  individuals 
engaged  in  quasi-continuous  operations,  sleep  deprivation  effects  (on 
all  but  simple  overlearned  tasks)  are  evident  relatively  early,  and  can 
become  severe  enough  in  three  days  to  render  the  individual  "militarily 
ineffective"  (Haslam,  1981).  Just  as  motivation  in  the  laboratory  can 
sustain  functioning  for  longer  periods ,  camaraderie,  leadership,  and 
good  environmental  conditions  in  the  field  can  to  some  degree  attenuate 
the  effects  of  sleep  loss.  Inevitably,  however,  positive  mood  declines, 
errors  increase,  and  overall  effectiveness  drops  off. 

While  there  appears  to  be  no  way  to  adequately  restore  effective¬ 
ness  without  permitting  individuals  to  sleep,  there  is  an  increasing 
amount  of  data  indicating  that  short  periods  of  sleep  —  naps  —  are  dis¬ 
proportionately  effective  in  recovering  or  sustaining  functioning  relative 
to  eithei  no  sleep  at  all  (Lubin  et  al. ,  1976),  or  a  single  reduced  period 
oi  sleep  (Hartley,  1974).  Naps  have  the  advantage  of  more  readily  fitting 
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within  the  time  demands  of  quasi-continuous  work  schedules,  and  con¬ 
sequently,  we  have  proposed  short  sleep  periods  as  away  of  preventing 
the  effects  of  sleep  loss  during  sustained  operations.  However,  wo  have 
been  impressed  by  the  individual  differences  in  not  only  the  ability  to 
nap,  but  also  in  the  consequences  of  naps  for  waking  functioning.  An 
initial  step  toward  investigation  of  napping  in  advance  of  sleep  loss 
demands  a  thorough  understanding  of  the  importance  of  individual  sloop/ 
wakefulness  patterns  in  relation  to  the  consequences  of  napping  (Taub, 
1977),  the  volitional  control  of  sleep  onset,  and  the  motivation  to  utilize 
a  napping  opportunity. 

In  this  report  wo  begin  by  providing  an  introduction  to  the  problem 
of  sleep  need  and  quasi-continuous  performance  demands,  and  the  role 
prophylactic  napping  may  play  in  satisfying  both  aspects,  as  well  as 
outlining  our  research  strategy  for  investigating  napping  ability  and  con¬ 
sequences.  We  then  review  the  relevant  literature  on  napping,  normal 
functioning,  and  sleep  loss,  including  both  extensive  laboratory  inves¬ 
tigation::,  as  well  as  some  very  recent,  highly  relevant  field  studies 
involving  short  sleep  periods  during  continuous  operations,  and  conclude 
with  an  overview  of  the  issues  our  work  sought  to  address. 

Our  major  study  of  individual  differences  in  napping  in  an  optimal 
(sleep-conducive)  and  rton-optimal  (alerting)  environment  is  then  described 
in  detail,  including  complete  descriptions  of  the  physiological,  perform¬ 
ance,  subjective,  sleep  diary,  circadian,  and  survey  data  collected 
during  the  30  days  each  subject  participated  in  the  study.  Following 


4 


this  are  results  concerning:  the  frequency  of  napping  in  young  adults; 
individual  differences  in  napping  ability  and  the  consequences  of  nap¬ 
ping;  psychophysiological  and  behavioral  aspects  of  control  over  nap 
onset  and  the  nature  of  naps;  the  immediate  and  delayed  effects  of  naps 
on  performance  and  mood;  the  effects  of  sleep-conducive  and  alerting 
environments  on  naps  and  their  consequences;  the  circadian  functions 
of  nappers  and  non-nappers;  and  the  behavioral  precursors  of  napping. 

Most  of  these  areas  contain  data  bearing  directly  on  hypotheses 
we  had  proposed  to  understand  the  nature  of  naps  and  individual  differ¬ 
ences  in  sleep/wakefuiness  patterns.  Some  earlier  findings  are  replicated 
and  new  results  are  presented  which  reveal  intricate  relations  between 
naps  and  waking  function.  The  findings  are  discussed  in  light  of  the 
literature  concerning  relevant  theoretical  and  methodological  consider¬ 
ations.  Wo  conclude  with  a  three-part  discussion  on:  the  implications 
of  our  work  for  theories  of  sleep  function,  and  problems  of  quasi-con- 
tinuous  operations;  the  consequences  of  napping  and  nap  infrastructure 
on  subsequent  functioning;  and  the  relevance  of  the  results  on  the  con¬ 
trol  of  nap  sleep  onset  for  the  implementation  of  prophylactic  napping. 
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II.  INTRODUCTION 

A.  Review  of  the  Problem. 

I .  The  Need  to  Sleep. 

The  need  for  sleep  is  universally  acknowledged.  With  prolonged 
sloop  loss  the  individual  feels  subjectively  fatigued,  finds  it  extremoly 
difficult  to  remain  awake  despite  environmental  stimulation,  and  even¬ 
tually  s iiows  significant  deterioration  in  performance.  Even  one  day 
without  sleep  can  yield  unpleasant  consequences  for  most  of  us. 

Like  the  need  for  food,  sleep  is  generally  satisfied  on  a  regular 
daily  basis,  though  different  cultures  may  vary  widely  in  the  pattern  by 
which  their  members  satisfy  either.*  While  it  may  involve  experiencing 
discomfort  and  even  hardship,  it  is  possible  to  postpone  the  need  for 
food  or  sleep  for  some  period  of  time.  However,  when  this  is  done  the 
need  eventually  becomes  prepotent  and  the  individual  will  show  an  in¬ 
creased  tendency  to  satisfy  it.  If  circumstances  exist  that  continue  to 
make  it  impossible  to  do  so,  profound  behavioral  as  well  as  motivational 
changes  typically  result  (e.g.,  Haslam,  1981). 


*As  Rechtschaffen  (1979)  has  pointed  out,  it  is  reasonable  to 
conceptualize  the  need  for  sleep  as  analogous  to  the  need  for  food. 

The  consummatory  nature  of  sleep  is  suggested  by:  "the  ubiquitousness 
of  sleep  across  species  and  within  individuals;  the  periodic  occurrence 
of  sleep;  the  effects  of  sleep  deprivation;  the  reversal  of  deficits  after 
recovery  of  sleep;  the  correlations  between  sleep  and  fundamental  bio¬ 
logical  parameters"  (p.  3).  Of  course,  the  analogy  between  food  and 
sleep  is  strictly  conceptual.  In  no  way  do  we  mean  to  imply  that  the 
neurophysiological  substrate  of  sleep  is  functionally  similar  to  food 
intake  systems.  Other  investigators,  especially  Dement  (1972),  Webb 
(1975),  and  Johnson,  Naitoh,  Moses,  and  Lubin  (1977)  have  also  ailuded 
to  such  an  analogy. 
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Tho  ability  to  function  in  the  absence  of  sleep  appears  more 
readily  impaired  —  particularly  in  regard  to  cognitive  functions  —  than 
is  the  case  in  the  absence  of  food,  but  the  parallel  seems  unmistakable. 
However,  a  major  difference  does  exist.  While  the  basic  functions  of 
food  consumption  and  mechanisms  of  digestion  have  been  increasingly 
understood,  the  fundamental  questions  concerning  the  functions  of  sleep 
have  remained  unanswered. 

Though  the  past  20  years  have  seen  a  remarkable  proliferation 
of  sleep  research  —  with  much  being  learned  about  its  neurophysiology, 
the  relationship  of  dreams  to  sleep  stages,  patterns  of  sleep  in  a  wide 
variety  of  circumstances  and  how  they  are  affected  by  illness,  drugs, 
and  environmental  changes  —  considerable  speculation  persists  concern¬ 
ing  the  purpose  of  sleep  within  the  broader  framework  of  adaptiveness 
(Webb,  1979).  Restorative  or  homeostatic  theories  of  sleep  suggest  that 
sleep  serves  to  provide  physiological  and/or  psychological  restoration 
of  conditions  depleted  by  wakefulness  (e.g.,  Moruzzi,  1966;  Oswald, 
1970;  Hartmann,  1973);  while  adaptive  or  biorhythmic  theories  of  sleep 
posit  that  sleep  is  an  innate  organized  behavior  pattern  that  may  serve 
to  keep  the  organism  from  engaging  in  wake  behavior  at  maladaptive 
times  (e.g.,  Webb,  1971;  Snyder,  1972;  Meddis ,  1975). 

Sleep  deprivation  studies  have  been  a  common  model  for  studying 
the  funciions  of  sleep.  While  numerous  sleep  deprivation  experiments 
have  documented  the  need  for  sleep,  it  remains  unclear  precisely  what 
physiological  benefits ,  if  any,  sleep  provides  for  the  organism.  What- 
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ever  occurs  physiologically,  however,  its  absence  soon  makes  itself 
felt.  It  is  remarkable  that  a  phenomenon  as  basic  as  sleep,  clearly 
evident  oven  in  primitive  organisms,  has  eluded  clarification.  Although 
it  is  now  clear  that  sleep  cannot  be  accounted  for  merely  in  terms  of 
rest  (Kleitman,  1963;  Webb  &  Agnew,  1974a;  Lublnetal.,  1976),  the 
basic  biological  functions  of  sleep  remain  obscure. 

.1 .  The  Study  of  Napping. 

While  as  scientists  we  share  an  intense  interest  in  the  physio¬ 
logical  and  behavioral  functions  of  sleep,  our  interest  in  studying  the 
phenomenon  also  has  a  practical  motivation.  We  seok  to  better  under¬ 
stand  how  sleep  can  be  used  most  efficiently  to  facilitate  recovery  from 
fatigue  and  maintain  the  effective  functioning  of  normal  individuals. 

By  assessing  the  relationships  between  sleep  need,  physiology,  sub¬ 
jective  comfort,  and  performance,  we  seek  to  address  problems  that  we 
view  to  lie  intimately  related  to  questions  concerned  with  the  effective 
functioning  of  soldiers  during  sustained  operations.  It  is  in  this  context 
that  we  have  sought  to  pursue  studies  exploring  the  role  of  napping  in 
maintaining  performance  and  morale  under  circumstances  that  might 
ordinarily  yield  deteriorations  in  both  of  these  parameters  as  a  result 
of  sleep  deprivation. 

While  conceptually  the  idea  of  increasing  the  efficient  utilization 
of  sleep  is  appealing,  and  some  research  indicates  that  the  gradual  rodur 
tion  of  nocturnal  sleep  can  allow  individuals  to  continue  to  function  offer 
tively  for  long  periods  with  lass  and  apparently  more  efficient  sleep,  it 
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seems  clear  that  there  are  definite  limitations  to  such  an  approach 
(Webb  &  Agnew,  1974a;  Mullano/,  Johnson,  Naitoh,  Friedmann,  & 
Globus,  1977).  It  appears  that  it  takes  months  for  subjects  to  fully 
adapt  to  reductions  of  only  one  to  two  hours  in  nocturnal  sleep  duration. 
Thus,  while  the  amount  of  sleep  necessary  for  long  term  effective  func¬ 
tioning  can  be  reduced  to  a  certain  degree,  the  amount  of  reduction 
possible  appears  to  be  quite  limited.  From  the  perspective  of  quasi- 
continuous  performance  where  relatively  acute  changes  in  sleep/wako- 
fulness  cycles  are  demanded,  this  type  of  sleep  discipline  is  likely  to 
have  little  utility.  Further,  it  does  not  address  the  question  of  tho 
amount  of  sleep  needed  to  function  effectively  and  more  or  less  contin¬ 
uously  for  a  matter  of  days  or  weeks. 

The  approach  to  maintaining  effective  quasi-continuous  perfor¬ 
mance  that  appears  to  be  most  promising  to  us  involves  the  systematic 
use  of  napping.  From  this  perspective,  the  question  emerges  whether 
it  is  necessary  to  obtain  sleep  in  one  continuous  period,  or  whether 
segmenting  sleep  time  can  serve  to  satisfy  sleep  need.  Certainly  there 
are  many  anecdotal  reports  of  individuals  functioning  almost  continually 
for  days  at  a  time,  apparently  satisfying  their  sleep  need  with  short 
naps:  noteworthy  examples  are  Napoleon,  Thomas  Edison,  and  Winston 
Churchill.  Similarly,  a  study,by  Hartley  (1974)  has  shown  that  subjects 
are  able  to  function  reasonably  effectively  for  four  consecutive  days  with 
throe  80 -minute  naps  per  24  hours  (versus  one  4-hour  sleep  period  per 
2  4  hours).  This  finding  lent  support  to  our  view  that  the  effects  of 
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sleep  deprivation  could  be  ameliorated  by  permitting  individuals  to  have 
short  naps . 

.1.  The  Concept  of  Prophylactic  Napping  in  Relation  to  Quasi- 

Continuous  Performance. 

We  began  our  investigation  into  tho  potential  of  napping  during 
quasi-continuous  performance  demands  by  assessing  the  frequency  and 
nature  of  naps  in  the  young  adult  population  (Evans  &  Ome,  1975;  Evans, 
Cook,  Cohen,  Ome,  <fi  Ome,  1976).  These  early  studies  revealed  that 
the  majority  of  military  age  normal  young  adults  who  nap,  do  so  in  part 
to  make  up  for  an  existing  nocturnal  sleep  loss.  Such  individuals  were 
called  replacement  nappers ,  since  they  napped  primarily  to  compensate 
or  replace  lost  nocturnal  sleep.  At  times  these  replacement  nappers 
appeared  to  anticipate  future  sleep  loss  by  napping  in  advance  of  the 
forthcoming  night's  reduced  amount  of  sleep.  These  individuals  appeared 
to  ho  napping  "prophylactically"  to  avoid  the  unpleasant  effects  of  sleep 
deprivation  (Evans  &  Ome,  1975).  Such  observations  contributed  to  a 
reconceptualization  of  how  best  to  approach  the  problem  of  continuous 
performance.  Rather  than  seeking  to  increase  sleep  efficiency  as  such, 
it  soemod  most  productive  to  focus  instead  on  developing  sloop  flexibility. 

The  possibility  of  prophylactic  napping  suggested  the  need  to 
reconsider  how  combat  personnel  might  most  effectively  prevont  the 
chronic  effects  of  sleep  deprivation.  Traditionally  it  has  been  taken  tor 
granted  that  combat  personnel  are  in  a  chronic  state  of  sleep  deprivation, 
and  as  a  consequence  will  take  advantage  of  any  opportunity  for  sleep 
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that  is  available.  Further,  it  has  been  assumed  that  they  can  disregard 
physical  and  psychological  circumstances  that  would  normally  make  the 
situation  unconducive  to  sleep.  Thus,  they  may  nap  despite  danger, 
the  likelihood  of  sudden  awakening  at  an  undetermined  time  (often  with 
immediate  demands  to  function  at  a  high  level  of  proficiency),  and  the 
inability  to  either  undress  or  to  find  a  comfortable  resting  place.  Simi¬ 
larly,  neither  the  presence  of  noise  nor  light  are  sufficient  impediments 
to  sleep  for  the  exhausted  individual.  It  is  hardly  surprising,  therefore, 
that  the  problem  of  sleep  onset  among  combat  personnel  has  received 
scant  attention. 

As  one  considers  the  situation  of  combat  personnel,  it  is  typical 
that  they  find  themselves  in  a  context  which  demands  high  levels  of 
alertness  for  certain  periods  of  time.  E when  tho  need  for  a  high 
level  of  activity  and  vigilance  decreases  and  the  immediate  danger  has 
lessened,  the  state  of  arousal  persists  for  some  time.  Accordingly, 
instead  of  using  the  slack  period  to  obtain  rest,  personnel  generally 
seek  to  alleviate  the  fear  and  anxiety  by  supportive  social  interaction. 
Further,  the  anticipation  of  forthcoming  combat  also  serves  to  maintain 
arousal  during  these  slack  periods,  until  there  is  another  operational 
demand  lor  a  high  level  of  activity  —  though  this  may  be  some  time  in 
the  future.  This  cycle  of  high  activity  and  stress  alternating  with  periods 
of  low  activity,  hut  high  arousal,  due  to  the  expectation  of  impending 
danger,  characterizes  sustained  combat  operations. 
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These  circumstances  provide  no  desirable  opportunities  for  sleep 
in  the  sense  that  the  individual  remains  continuously  aroused;  there  is 
an  implied  presence  of  danger,  an  absence  of  quiet,  dark,  and  comfort¬ 
able  private  surroundings,  and  a  group  ethos  against,  napping,  all  of 
which  contrive  to  prevent  personnel  from  sleeping  until  they  have  become 
thoroughly  exhausted.  Only  then  are  intermittent  periods  of  low  demand 
utilized  for  sleep.  In  a  sleep-hostile  context,  sleep  opportunities  are 
not  usually  taken  advantage  of,  largely  because  most  of  us  have  been 
trained  not  to  sleep  unless  the  circumstances  are  conducive  or  extreme 
fatigue  demands  it.  Consequently,  combat  personnel  take  advantage  of 
all  opportunities  for  rest  only  after  they  have  developed  a  chronic  sleep 
deficit  with  all  Its  attendant  effects  on  morale  and  performance. 

On  the  other  hand,  if  personnel  were  trained  to  use  any  oppor¬ 
tunity  for  short  periods  of  sleep  prior  to  and  during  combat  situations 
before  they  have  become  sleep  deprived,  the  debilitating  effects  of  com¬ 
bat  that  are  mediated  by  chronic  sleep  deprivation  might  be  avoided  — 
allowing  personnel  to  function  in  the  field  more  effectively  over  a  much 
longer  period  of  time. 

The  important  point  is  to  prevent,  or  at  least  postpone,  the 
development  of  sleep  debt  as  much  as  possible.  That  is,  although  the 
loss  of  a  night's  sleep  can  usually  be  managed  by  most  individuals,  the 
loss  of  i\  night's  sleep  to  an  individual  who  is  already  sleep  deprived  is 
likely  to  result  in  profound  performance  decrements.  We  regard  the  ability 
to  obtain  sleep  in  non-conducive  situations  (in  the  absence  of  extreme 
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fatigue)  as  the  basic  skill  underlying  prophylactic  napping.  While  a 
few  individuals  practice  this  skill,  we  believe  that  many  other  individ¬ 
uals  can  also  learn  this  skill  with  appropriate  training. 

4.  Systematic  Research  Needed  to  Operationalize  the  Concept 

of  Prophylactic  Napping. 

In  addition  to  fundamental  questions  about  the  ability  to  store 
sleep  even  for  short  periods,  we  believe  that  prophylactic  napping  has 
not  hithortofore  been  considered  for  most  military  applications  for  several 
reasons:  (1)  not  all  individuals  can  readily  go  to  sleep  :will,  and 
thus,  most  fail  to  utilize  sleep  opportunities  until  they  are  exhausted; 

(2)  environment,  il  conditions  are  often  deemed  unsuitable  for  sleep; 

(3)  stress  and  anxiety  over  well-being  and  future  demands  serve  to 
inhibit  sleep;  (4)  individuals  stay  awake  because  of  the  need  to  function 
effectively  almost  instantaneously,  since  any  period  of  confusion  imme¬ 
diately  on  awakening  from  sleep  seriously  interferes  with  performance. 

The  thrust  of  our  current  research,  therefore,  has  focused  on 
providing  information  concerning  the  factors  thought  to  preclude  prophy¬ 
lactic  napping.  The  first  studies  involved  assessing  the  frequency  of 
napping  by  young  adults;  the  individual  differences  in  napping  ability 
and  the  benefits  derived  from  napping;  behavioral,  physiological,  and 
psychological  aspects  of  habitual  nappers  and  non-nappers,  including 
circadian  rhythms;  the  effect  of  naps  on  performance  both  at  awakening 
as  woll  as  some  time  later;  and  the  effects  of  sleep-conducive  and 
sleep-hostile  environments  on  the  ability  to  nap  and  derive  benefits 


from  it.  The  bulk  of  our  findings  from  these  studies  are  contained  in 
subsequent  sections  of  this  report. 

We  believe  the  data  we  present  in  this  report  provide  important 
and  new  information  on  the  nature  of  nap  sleep,  and  its  relationships 
to  fatigue  and  effective  functioning.  Before  detailing  our  studies  and 
results,  however,  it  is  appropriate  to  review  the  scientific  literature 
concerned  with  sleep,  sleep  loss,  naps,  and  effective  functioning  in 
both  laboratory  and  field  studies. 
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B.  Review  of  Relevant  Literature. 

1 .  The  Natural  Occurrence  of  Napping. 

Sleep  length  and  schedules  are  subject  to  large  individual  dif¬ 
ferences  in  adult  populations.  While  within  individuals  the  length  of 
nocturnal  sleep  during  the  first  half  of  adulthood  is  relatively  constant, 
averaging  a  decline  of  about  30  minutes  from  18  to  50  years  of  age  (Tune, 
1969;  Webb,  1971),  there  is  considerable  variation  among  adults'  sleep 
requirements.  For  example,  Webb  (1971)  found  that  slightly  more  than 
half  of  over  4,000  college  students  averaged  nightly  sleep  durations 
either  longer  or  shorter  than  the  normative  7  to  8  hours.  Such  varia¬ 
bility  in  adults'  sleep  length  is  even  more  conspicuous  when  napping 
is  considered. 

Napping  appears  to  be  a  particularly  common  way  by  which  young 
adults  of  military  age,  with  flexible  schedules,  complement  their  noc¬ 
turnal  sleep.  Depending  on  whether  surveys  or  sleep  logs  are  used, 
and  how  the  questions  are  asked,  between  50%  and  85%  of  the  college 
population  nap  at  least  once  a  week  (Lawrence,  1971;  Webb,  1975; 
White,  L 9 7 5;  Evans,  Cook,  Cohen,  Ome,  &  Orne,  1977;  Kunken,  1977). 
Such  a  high  occurrence  of  napping  in  these  studies  of  college  students 
is  especially  important  since  college  students  generally  have  time 
schedules  that  are  more  flexible  —  in  terms  of  scheduling  sleep  — 
than  the  typical  9  to  5  work  environment.  Among  young  adults  who  do 
nap,  afi  irnoon  naps  are  the  most  common,  and  the  average  duration  is 
generally  from  one-half  hour  to  a  little  over  an  hour. 
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Approximately  45%  of  the  young  adult  population  we  surveyed  in 
an  earlier  study  (Evans  &  Ome,  1975)  reported  napping  rarely  or  never. 
Most  of  these  non-nappers  report  that  they  do  not  nap  due  to  lack  of 
available  time.  In  this  regard,  it  is  worth  noting  that  Webb  (1975)  re¬ 
ported  a  low  frequency  of  napping  in  a  20-year-old  non-college  working 
population.  These  data  seem  to  indicate  that  the  likelihood  of  napping 
in  young  adults  is  primarily  affected  by  the  opportunity  for  this  activity 
during  king  hours. 

While  napping  is  common  in  young  adults,  it  is  not  uncommon 
even  ir.  the  mid-adulthood  working  population.  For  example,  from  a  study 
of  509  British  adults  who  maintained  sleep  charts  for  56  days,  Tune 
(19  69)  reported  the  mean  number  of  naps  across  the  8  weeks  averaged 
between  five  and  seven  for  40-  to  60-year-old  adults.  Nap  frequency 
increased  to  well  over  once  a  week  as  age  increased  to  80  years  old. 

Napping,  therefore,  appears  to  be  a  natural  part  of  many  adults' 
sleep  regimes,  especially  when  schedules  permit  it.  There  are,  how¬ 
ever,  some  important  differences  we  have  found  between  individuals  in 
the  purposes  served  by  napping.  Two  primary  reasons  for  napping  seem 
common:  (1)  napping  to  compensate  or  replace  sleep  loss;  (2)  napping 
for  reasons  apparently  unrelated  to  sleep  need.  Naps  that  serve  to  re¬ 
place  sleep  loss  are  replacement  naps,  while  naps  unrelated  to  sleep 
need  are  termed  appetitive  naps  (Evans  et  al. ,  1977).  Both  types  of 
naps  have  implications  for  theories  of  sleep,  as  well  as  for  the  appli¬ 
cation  of  napping  to  problems  of  sustained  operations. 
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a.  Replacement  naps.  Napping  to  supplement  the  sleep  debt  as 
a  result  of  missed  nocturnal  sleep  is  the  most  common  reason  for  napping 
in  approximately  75%  of  all  military-age  young  adults  who  nap  at  least 
once  a  week.  These  nappers  report  that  their  naps  are  satisfying,  and 
they  nap  only  when  they  feel  tired.  Sleep  diary  data  are  congruent  with 
this  claim,  and  reveal  that  they  nap  either  after  experiencing  a  shorter 
than  usual  night's  sleep,  or  sometimes  in  anticipation  of  sleep  loss 
(Evans  &  Orne,  1975;  Evans  et  al.,  1976).  The  implication  is  that 
naps  serve  to  compensate  the  individual  for  lost  sleep. 

Replacement  napping  clearly  suggests  that  naps  serve  a  restora¬ 
tive  function,  be  it  physiological  or  psychological.  Such  a  suggestion 
is  an  extrapolation  of  a  homeostatic  or  restorative  theory  of  sleep;  that 
is,  napping  is  seen  as  reducing  the  need  to  sleep,  and  replenishing  the 
potential  for  sustained  wakefulness.  This  perspective  predicts  that  nap 
frequency  should  be  negatively  related  to  the  length  of  nocturnal  sleep 
(such  that  shorter  nocturnal  sleep  is  associated  with  napping);  and  that 
the  bulk  of  Individuals  who  nap  should  do  so  only  when  they  feel  tired 
due  to  a  truncation  of  typical  nocturnal  sleep. 

Our  initial  survey  and  sleep  diary  data  provide  some  confirmation 
of  the  latter  prediction,  and  other  research  lends  additional  support  for 
napping  in  relationship  to  sleep  debt.  White  (1975)  and  Evans  and  Ome 
(197  5)  found  that  the  frequency  of  daytime  naps  in  college  students  is 
indeed  negatively  correlated  with  the  length  of  their  nocturnal  sleep, 
and  positively  correlated  with  the  variability  of  their  nighttime  sleep. 
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Similarly,  studies  of  nightshift  workers  find  that  while  they  have  de¬ 
creased  amounts  of  continuous  morning  sleep  (the  time  of  day  they 
typically  sleep),  they  also  have  an  increased  number  of  afternoon  naps 
(Tepas,  Stock,  Maltese,  &  Walsh,  1978). 

Thus,  it  appears  that  among  individuals  who  nap,  the  most 
common  reason  is  to  replace  lost  sleep.  While  nearly  three  quarters 
of  all  young  adult  nappers  nap  primarily  for  this  reason,  and  though  we 
believe  all  r.appers  are  capable  of  replacement  napping  when  necessary, 
there  appears  to  be  a  significant  minority  of  nappers  who  frequently  nap 
for  reasons  unrelated  to  sleep  need. 

1).  Appetitive  naps.  Among  habitual  young  adult  nappers,  about 
2  5%  raport  napping  even  when  they  do  not  feel  tired;  that  is,  they  appear 
to  nap  locrcationaliy.  Their  sleep  diaries  confirm  that  they  nap  regard¬ 
less  of  previous  or  subsequent  night's  sleep  (Evans  &  Ome,  1975).  We 
have  referred  to  these  subjects  as  appetitive  nappers,  since  they  nap 
frequently  and  not  primarily  for  restorative  purposes. 

Appetitive  napping  seems  to  fit  more  readily  under  an  alternative 
theory  ct  nap  sleep  function,  namely,  that  napping  is  an  aspect  of  an 
endogenous  biological  rhythm,  and  as  such  it  is  unrelated  to  sleep  need 
reduction.  In  fact,  Webb  (1978a)  has  speculated  that  the  endogenous 
sleep/wakefulness  cycle  is  biphasic,  that  is,  consisting  of  two  sleep 
periods:  one  long  nocturnal  period,  and  a  second  brief  afternoon  period. 
As  with  nocturnal  sleep,  he  argues  that  naps  are  a  behavior  control, 
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only  in  this  case  they  aid  the  organism  in  avoiding  the  "torrid  heat  of 
midday."  (Webb,  1978a;  p.  316). 

Webb  (1978a)  supports  his  claim  for  naps  being  an  aspect  of  a 
circadian  oscillator  by  noting  studies  showing  that  napping  is  a  highly 
prevalent  part  of  young  children's  (Reynolds  &  Malley,  1933)  and  older 
adults'  (Webb  &  Swinburne,  1971)  sleep  as  well  as  the  majority  of  young 
college  adults'  sleep  (White,  1975);  that  adults  can  readily  go  to  sleep 
between  2  and  5  p.m.  (Walker,  1972);  that  individuals  in  a  time-free 
environment  have  a  tendency  to  nap  (Webb  &  Agnew,  1974b);  that  there 
is  a  predictable  post-lunch  performance  decrement  indicative  of  a  "non¬ 
responding  tendency"  (Hockey  &  Colquhoun,  1972);  that  many  animal 
species  reveal  intermittent  or  nap-like  sleep  (Ruckebusch,  1972);  and 
that  napping  occurs  in  many  human  cultures  and  appears  to  be  unlearned. 

This  theory  sees  nap  sleep  as  appetitive,  in  the  same  way  that 
sexual  behavior  is  appetitive:  it  can  be  enjoyed,  but  if  unavailable  it 
is  unlikely  to  damage  the  organism.  While  this  may  be  the  case,  it  is 
important  to  note  that  this  may  hold  for  naps  only  as  long  as  adequate 
nocturnal  sleep  opportunities  are  available.  When,  as  in  the  case  of 
quasi-continuous  performance,  nocturnal  sleep  opportunities  are  cur¬ 
tailed,  nap  sleep  may  be  an  effective  means  of  avoiding  the  debilitating 
effects  of  sleep  deprivation.  While  Webb  (1978a)  concurs  that  replace¬ 
ment  naps  are  related  to  sleep  debt,  he  does  not  believe  that  sleep  debt 
causes  the  naps.  Rather,  for  Webb,  naps  in  the  face  of  sleep  debt  reflect  an 
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increased  sensitivity  in  an  innate  biological  response  system,  namely, 
to  sleep  at  midday. 

Although  appetitive  napping  appears  to  be  unrelated  to  feelings 
of  fatigue  and  nocturnal  sleep  need,  it  is  possible  that  its  refreshing 
effects  are  more  a  function  of  the  cognitive  changes  associated  with  a 
period  of  non-wakefulness .  That  is,  the  appetitive  napper  may  nap  for 
cognitive  benefits  rather  than  physiological  requirements,  and  such  a 
nap  may  relate  more  to  the  functions  served  by  taking  a  brief  break 
(during  wakefulness),  than  to  the  functions  of  sleep  per  se.  Viewed  in 
this  way,  the  appetitive  nap  need  not  be  part  of  an  endogenous  sleep/ 
wakefulness  cycle,  but  rather  a  coping  mechanism  uti’izud  during  pro¬ 
longed  periods  of  waking  functioning. 

Regardless  of  the  teleological  reasons  for  napping,  current  data 
show  that  there  is  a  high  incidence  of  napping  in  military  age  adults, 
particularly  when  work  schedules  permit  it,  and  that  most  naps  phenom¬ 
enologically  fulfill  the  individual's  desire  for  sleep  and  aid  in  feelings 
of  recovery  from  fatigue.  While  the  theoretical  issues  continue  to  be 
important,  the  practical  question  of  whether  naps  can  be  used  to  facili¬ 
tate  effective  functioning  in  individuals  otherwise  deprived  of  desirable 
sleep  opportunities  remains  to  be  determined. 

2 .  Napping  and  Effective  Functioning. 

A  number  of  studies  of  napping  in  relation  to  offective  functioning 
have  recently  yielded  information  on  the  potential  of  naps  to  maintain 
or  improve  performance  and  mood.  The  questions  addressed  by  these 
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investigations  concern  whether  naps  improve  mood  and  functioning  in 
non-sleop-deprivad  nappers;  whether  naps  provide  nappers  with  bene¬ 
fits  beyond  what  bedrest  might  provide  non-nappers;  whether  a  few 
short  naps  are  as  effective  as  one  continuous  period  of  sleep  in  main¬ 
taining  functioning;  and  whether  naps  are  more  effective  in  maintaining 
performance  than  bedrest  and  exercise  over  a  40-hour  period. 

a.  Performance  and  mood  following  naps  in  non-sleep-deprived 
adults .  Taub,  Tanguay,  and  Clarkson  (1976;  see  also  Taub,  1977) 
assessed  habitual  nappers'  simple  auditory  reaction  times  and  subjective 
ratings  of  activation  (mood)  20  minutes  before  and  after  l/2-hour  and 
2 -hour  afternoon  naps  and  a  2-hour  wake  control  period.  They  found 
that  relative  to  the  control  period  of  no  sleep,  nappers  performed  signi¬ 
ficantly  faster  on.  the  reaction  time  task,  and  reported  significantly 
greater  activation  following  the  naps,  leading  the  authors  to  infer  "that 
there  is  an  identifiable  increase  in  behavioral  and  subjective  efficiency 
associated  with  customary  episodes  of  afternoon  sleep"  (p.  216).  They 
suggested  that  since  their  results  were  neither  due  to  nap  length  (1/2- 
hour  and  2--hour  naps  yielded  similar  improvements)  nor  to  specific  sleep 
stages  within  the  naps,  the  increased  capacity  following  naps  was  probably 
associated  with  the  maintenance  of  a  sleep/wakefulness  cycle  that  in¬ 
cluded  regular  afternoon  naps.  Such  a  view  would  predict  that  just  as 
habitual  nappers  derive  benefits  from  naps,  habitual  non-nappers  should 
derive  benefits  from  afternoon  waking  bedrest,  but  not  from  naps.  The 
critical  variable  in  such  a  prediction  is  maintenance  of  the  typical 
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sleep/wakefulness  cycle.  For  habitual  nappers  this  includes  napping, 
while  for  non-nappers  an  equivalent  period  of  waking  rest  should  bo  as 
holpful  Hi:  a  nap  is  for  a  napper. 

Recently,  Bertelson  (1979)  tested  this  hypothesis  as  well  as 
attempting  a  replication  and  extension  of  the  Taub  et  al.  (1976)  study. 

She  had  20  habitual  nappers  and  20  habitual  non-nappers  complete  audi¬ 
tory  and  visual  reaction  time  tasks,  a  cognitive  addition  task,  and  mood 
adjective  checklists  before  and  after  a  1-hour  nap  period  for  the  nappers 
and  a  1-hour  wake  bedrest  period  for  the  non-nappers.  She  found  that 
both  groups  experienced  significant  improvements  in  positive  mood  from 
pre-  to  post-nap,  but  neither  group  showed  significant  improvements  in 
any  performance  parameter.  Thus,  her  data  suggest  that  in  terms  of 
mood,  bedrest  is  as  beneficial  to  non-nappers  as  napping  is  to  nappers. 
While  Bertelson' s  (1979)  data  suggest  that  the  benefits  from  napping 
observed  by  Taub  et  al.  (1976)  might  be  due  to  maintenance  of  a  regular 
sleep/wakefulness  cycle  (regardless  of  whether  it  includes  napping  or 
non-napping),  additional  napping  data  from  Taub,  Hawkins,  and 
Van  de  Castle  (1978)  indicate  this  may  not  be  the  case. 

Using  a  design  similar  to  earlier  work,  Taub  et  al.  (1978)  had 
nappers  nap  at  two  times  of  the  day,  180°  out  of  phase  with  each  other. 
Following  both  morning  (0935-1135)  and  evening  (2135-2335)  naps,  their 
habitual  nappers  again  showed  the  predicted  increments  in  simple  reaction 
time  performance,  and  improvement  in  mood  relative  to  wake  control  peri¬ 
ods  at  the  same  time  of  the  day.  Their  subjects  were  habitual  nappers 
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who  reported  napping  at  Irregular  times  of  the  day.  It  is  difficult  to  see 
how  these  data,  juxtaposed  with  earlier  findings  (Taub  et  al. ,  1976), 
support  the  value  of  maintaining  a  regular  sleep/wakefulness  cycle. 

An  alternative  interpretation  would  be  that  naps  increase  the  effective 
functioning  of  nappers  regardless  of  when,  during  the  daytime,  they  are 
taken. 

Nevertheless,  a  number  of  questions  remain  concerning  the  effect 
of  napping  versus  not  napping  on  non-sleep-doprived  nappers  and  non- 
nappers.  Except  for  our  original  work  (Evans  &  Orne,  1975)  described 
below,  no  study  has  yet  compared  performance,  mood,  sleepiness,  and 
physiological  characteristics  of  confirmed  nappers  and  non-nappers  dur¬ 
ing  both  wake  (control)  periods  and  various  laboratory  nap  conditions, 
in  order  to  determine  what  aspects  of  napping  and  not  napping  are  asso¬ 
ciated  with  consistent  individual  differences  in  napping  behavior  and 
the  ability  to  derive  benefits  from  naps.  Moreover,  we  know  of  no  study 
reporting  data  on  the  sleep/waking  patterns  and  circadian  patterns  of 
both  nappors  and  non-nappers. 

b.  Napping  versus  short  sleep  and  no  sleep.  While  studies  of 
non-slenp-deprived  nappers  and  non-nappers  should  provide  some  under¬ 
standing  of  individual  differences  in  napping  patterns  and  the  benefits 
of  napping,  such  studies  do  not  spocifically  address  the  practical 
question  of  whether  napping  can  be  more  effective  in  maintaining  func¬ 
tioning  lhan  either  a  reduced  continuo  .s  sleep  period  or  no  sleep  at  all. 
Some  recent  laboratory  studies  have  investigated  those  issues. 
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Hartley  (1974)  compared  signal  detection  performance  on  a  vigi¬ 
lance  task  (known  to  be  sensitive  to  sleep  loss)  over  four  days  for  sub¬ 
jects  on  three  different  experimental  sleep/wakefulness  regimes:  one 
continuous  8 -hour  sleep  period  per  day;  one  continuous  4-hour  sleep 
period  per  day;  and  three  80-minute  nap  periods  during  each  day.  He 
found  that  while  both  the  nap  group  and  the  4-hour  continuous  sleep 
groups  performed  below  the  8-hour  (no  sleep  loss)  group,  the  80-minute 
nap  group  performed  better  than  the  4-hour  group,  and  in  some  ways 
(e.g. ,  false  alarm  rate)  the  nap  group  was  similar  to  the  8-hour  group. 

Since  the  nap  group  and  4-hour  sleep  group  averaged  the  same 
amount  of  total  sleep  time  per  24-hour  period,  *  and  the  nap  group  out¬ 
performed  the  4-hour  group,  it  seems  reasonable  to  conclude  that  the 
napping  regime  is  a  more  desirable  alternative  for  maintaining  function¬ 
ing  than  allowing  the  same  amount  of  reduced  continuous  sleep.  Hartley 
(1974)  attributed  the  superior  performance  in  the  nap  group  relative  to 
the  4-hour  group  to  the  fact  that  the  distribution  of  sleep  (albeit  only 
80  minutes  at  a  time)  into  three  periods  of  the  day  served  to  reduce  the 
amount  of  prior  wakefulness  between  sleep  episodes  and  thus  maintain 
the  vigilance  response  criteria  typically  used  by  individuals  who  are 
not  sleep-deprived. 


*This  is  conservative,  since  logically,  three  periods  of  sleep 
onset  in  the  80-minute  group  is  likely  to  have  shortened  their  total 
sleep  time  (per  24  hours)  relative  to  the  4-hour  group. 
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A  totally  sleep-deprived  group  was  not  included  in  Hartley's 
(1974)  study,  and  thus,  it  is  unclear  how  much  better  the  nap  group 
and  4-hour  sleep  group  performed  in  comparison  to  a  no  sleep  group. 

Lubin  et  al.  (1976;  see  also  Johnson  et  al. ,  1977),  however,  compared 
a  fragmented  or  napping  sleep  schedule  during  40  hours  to  both  bedrest 
and  exercise  sleep-deprivation  conditions.  The  nap  group  was  allowed 
to  sleep  60  out  of  every  220  minutes,  while  the  bedrest  group  rested 
and  the  exercise  group  exercised  during  the  b0  minutes. 

Relative  to  the  sleep-deprived  groups,  the  nap  group  showed  no 
impairment  on  six  of  eight  measures,  including  a  vigilance  task,  an 
addition  task,  mood,  and  oral  temperature.  This  is  especially  impres¬ 
sive  since  the  nap  group  had  no  continuous  period  of  sleep  beyond  an 
hour,  and  averaged  only  3.7  hours  total  sleep  out  of  24  hours.  Further¬ 
more,  the  nap  croup  did  not  show  an  alteration  of  the  infrastructure  of 
nocturnal  sleep  on  the  recovery  night,  while  the  bedrest  and  exercise 
groups  did;  leading  Moses,  Hord,  Lubin,  Johnson,  and  Naitoh  (1975)  to 
conclude  "that  naps  presumably  have  some  recuperative  value,  at  least 
in  terms  of  preserving  the  normal  amounts  and  distribution  of  sleep  stages 
during  recovery  sleep  (p.  632)."  This  is  important,  since  many  studies 
assess  the  efficacy  of  fragmented  ("napping")  sleep  regimes  solely  on 
the  basis  of  the  amount  of  alteration  in  recovery  sleep,  presumably 
indicative  of  sleep  debt  accumulation,  rather  than  diroctly  assessing 
periormnnee  (o.q.,  Weltzman,  Nogtore,  Perlow,  Fukushlma,  Sassin, 
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McGregor,  Gallagher,  &  Heilman,  1974;  Carskadon  &  Dement, 
1975).* 

Thus,  it  appears  that,  at  least  within  the  laboratory,  napping 
can  servo  to  maintain  a  level  of  functioning  significantly  above  perform¬ 
ance  after  bedrest  without  sleep,  exercise  without  sleep,  and  a  reduced 
single  period  of  sleep.  In  order  to  appreciate  how  effective  napping 
might  be  in  a  quasi-continuous  performance  situation,  it  is  necessary 
to  examine  what  is  known  about  sleep  deprivation,  and  the  efficacy  of 
short  sleep  periods  to  sustain  functioning  in  field  situations. 

3.  The  Effects  of  Disruption  of  Sleep/Walcefulness  Cycles. 

There  are  three  broad  ways  in  which  the  typical  1  to  2  ratio  of 
the  sloep/wakefulness  cycle  is  likely  to  be  disrupted  during  quasi- 
continuous  performance.  These  involve  displacing  the  sleep  period 
to  any  part  of  the  24  hours  outside  of  its  normal  placement  time  (dis¬ 
placed  sleep);  truncating  the  absolute  amount  of  sleep  available  by 
limiting  sleep  length  and/or  sleep  opportunities  (partial  sleep  loss); 
and  eliminating  sleep  altogether  (total  sleep  loss).** 

a.  Displaced  sleep.  Taub  and  Berger  havo  published  numerous 
papors  assessing  performance  and  mood  following  acute  variations  in 

*Bonnet  (1980)  has  provided  some  evidence  that  recovery  sleep 
infrastructure  changes  may  be  more  related  to  sleep  loss  than  perform¬ 
ance  and  mood  alterations. 

**Wo  recognizo  that  these  categories  are  to  some  extont  opera¬ 
tional  distinctions  that  need  not  be  mutually  exclusive.  For  example, 
displaced  sleep  can  result  in  partial  sleep  loss. 
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in  the  monophasic  night  sleep  patterns  of  young  adults  (e.g. ,  Taub  & 
Berger,  1973a,  1973b,  1974a,  1974b,  1976a,  1976b;  see  also  Taub, 

1978).  Their  findings  indicate  that  displacing ,  shortening,  or  length¬ 
ening  nocturnal  sleep  produces  decrements  in  vigilance  and  addition 
performance,  and  increases  negative  mood  states.  Unfortunately,  and 
somewhat  surprisingly,  they  excluded  from  their  experiments  subjects 
with  a  history  of  daytime  napping  —  the  very  individuals  who  would  bo 
most  likely  to  have  the  ability  to  utilize  napping  to  compensate  for  the 
nighttime  sleep  alterations.  Moreover,  a  recent  investigation  by  Knowles, 
Cairns,  and  MacLean  (1978)  failed  to  replicate  the  vigilance  performance 
deficits  found  for  the  displaced  sleep  conditions,  though  they  were  able 
to  show  the  expected  time-of-day  effects  on  performance  and  sleep  infra¬ 
structure. 

Insofar  as  the  Hartley  (1974)  and  Lubin  et  al.  (1976)  studies 
also  involved  performance  assessments  following  displaced  and  frag¬ 
mented  (napping)  sleep  they  provide  information  in  this  area.  These 
studies  reveal  that  while  slight  performance  deficits  may  accompany 
the  displaced  sleep  regime,  the  overall  performance  and  mood  of  tho 
napping  groups  was  well  above  that  of  subjects  undergoing  various 
forms  of  reduced  continuous  sleep  and  total  sleep  deprivation. 

b.  Total  sleep  loss.  Though  the  subjective,  emotional,  and 
performance  effects  of  total  sleep  loss  (no  sleep  from  24  to  240  hours) 
are  universally  acknowledged,  it  has  been  difficult  to  document  those 
changes  because  of  the  complexity  of  motivational  variables  that  maximize 
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performance  when  an  individual  is  the  subject  of  a  relatively  brief  test 
in  a  psychological  experiment  (Williams,  Lubin,  &  Goodnow,  1959). 

The  effects  of  total  sleep  deprivation  on  performance  have  been  effec¬ 
tively  reviewed  by  Naitoh  (1969),  and  subsequently  updated  by  Johnson 
and  Naitoh  (1974).  In  general,  there  are  complex  interactions  between 
the  total  amount  of  deprivation  and  the  kind  of  tasks  employed  to  meas¬ 
ure  performance  impairment. 

Performance  impairments  consist  mostly  of  lapses  in  responding, 
yielding  decreases  in  speed  or  accuracy  or  increased  variability  of 
response  (Williams  etal.,  1959;  Naitoh,  1969),  Long,  complex  vigi¬ 
lance  tasks  have  usually  been  most  effective  at  demonstrating  these 
lapses  (Wilkinson,  1968);  but  tasks  involving  a  heavy  load  on  short 
term  memory  (Williams,  Gieseking,  &  Lubin,  1966),  and  reaction  time 
measures  have  also  proven  to  be  sensitive  to  prolonged  sleep  deprivation. 

More  recently,  short  (10-minute)  serial  and  choice  reaction  time 
tasks  have  been  found  to  be  sensitive  to  as  little  as  one  night's  sleep 
deprivation  (Lisper  &  Kjellberg,  1972;  Glenville,  Broughton,  Wing,  & 
Wilkinson,  1978).  Of  course,  the  traditional  long,  complex  tracking- 
vigilanco  tasks  have  also  been  documented  to  reveal  performance  impair¬ 
ments  after  only  one  night's  sleep  loss  (Wilkinson,  Edwards,  &  Haines, 
1966;  Hockey,  1970;  Hord,  Lubin,  Tracy,  Jensma,  &  Johnson,  1976; 
Collins,  1977;  Glenville  et  al.,  1978),  as  have  subjective  estimates 
of  sleepiness  and  mood  states  (Hoddes,  Zarcone,  Smythe,  Phillips,  & 
Dement,  1973;  Moses,  Johnson,  Naitoh,  &  Lubin,  1975;  Roth,  Kramer, 
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&  Lutz,  1976;  Glenville  &  Broughton,  1978;  Maltese,  Walsh,  &  Stock, 
1978).  Subjective  feelings  are  important  indicants  of  sleep  loss  since 
they  generally  occur  before  decrements  in  performance  or  in  physiologi¬ 
cal  and  neurological  functioning  can  be  documented,  and  thus  may  serve 
to  reveal  subtle  sleep  debt  accumulation. 

o.  Partial  sleep  loss.  While  it  is  clear  that  man  does  not  function 
well  with  prolonged  total  sleep  loss,  it  is  less  clear  what  the  effects  on 
subjective  well-being  and  performance  are  when  a  person  is  subjected  to 
acute  or  chronic  partial  sleep  deprivation  (Johnson  &  Naitoh,  1974). 

This  is  especially  relevant,  since  even  if  prophylactic  napping  were 
used  during  quasi-continuous  performance,  some  partial  sleep  deprivation 
would  still  occur,  though  prolonged  total  sleep  loss  would  be  avoided. 

From  our  perspective,  partial  sleep  deprivation  studies  are  rele¬ 
vant  insofar  as  they  provide  an  approximation  of  how  effectively  short 
periods  of  sleep  maintain  performance.  The  partial  sleep  deprivation 
literature  includes  studies  of  both  gradual  and  abrupt  restriction  or  frag¬ 
mentation  of  sleep  schedules,  and  the  theoretical  perspectives  that  moti¬ 
vated  these  studies  are  as  varied  as  the  designs  employed,*  Across 
studies  of  gradually  reduced  nocturnal  sleep  (Johnson  &  MacLeod,  1973; 
Mullanoy  ot  al. ,  1977);  abruptly  reduced  nocturnal  sleep  (Webb  &  Agnew, 


*Other  partial  sleep  loss  studies  have  been  concerned  with  de¬ 
priving  individuals  of  specific  stages  of  sleep.  These  studies  do  not 
appear  relevant  to  our  concerns.  As  Johnson  (1973),  after  summarizing 
the  available  literature,  aptly  concluded,  there  is  little  evidence  that 
waking  performance  bears  any  direct  relationship  to  specific  sleep  stages. 
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1965;  Wilkinson  et  al. ,  1966;  Hamilton,  Wilkinson,  &  Edwards,  19/2; 

Webb  &  Agnew,  1974a);  fragmented  sleep  (Curtis  &  Fogel,  1972;  Lubin 
et  al. ,  1976);  and  combinations  of  fragmented  and  reduced  sleep  (Rutenfranz, 
Aschoff,  &  Mann,  1972;  Hartley,  1974)  results  consistently  indicate  that 
most  performance  can  be  maintained  with  60?4-70%  of  the  usual  amount  of 
daily  sleep,  even  when  this  limited  sleep  is  obtained  in  short  fragmented 
periods.  Moreover,  with  less  than  half  the  amount  of  usual  sleep,  perform¬ 
ance  is  not  halved  but  generally  maintained  at  or  near  full  capacity.  There 
are,  however,  broad  individual  differences  in  sensitivity  to  partial  sleep 
loss,  particularly  with  regard  to  the  length  of  time  individuals  can  maintain 
adequate  performance  and  morale  on  reduced  sleep  schedules. 

4 .  Studies  of  Napping  during  Simulated  Continuous  Military 

Operations . 

Recently,  studies  have  begun  to  appear  that  involve  assessment  of 
effective  functioning  during  many  days  of  sustained  military  operations  for 
individuals  experiencing  total  and/or  partial  sleep  deprivation  (Francesconi , 
Stokes,  Banderet,  &  Kowal,  1978;  Opstad,  Ekanger,  NummesLad,  S  Raabe, 
1973;  Bugge,  Opstad,  &  Magnus,  1979;  Haslem,  1981).*  What  makes 


*Wa  have  opted  not  to  review  the  field  studies  of  continuous 
operations  for  1  to  2  days  (Banks,  Sternberg,  Farrell,  Debow,  &  Daihamer, 
1970;  Haggard,  1970;  Ainsworth  &  Bishop,  1971)  because  the  length 
of  operations  in  these  studies  is  relatively  brief,  and  the  results  reveal 
that  for  48-hour  periods,  personnel  are  able  to  motivate  themselves  to 
perform  many  military  tasks  effectively,  though  individual  differences 
in  ability  to  withstand  this  acute  deprivation  are  important.  Our  interest 
in  the  recent  studies  stems  from  their  more  realistic  duration  and  the 
extent  of  the  measures  taken. 
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these  recent  studies  especially  interesting  is  that  they  involve  mili¬ 
tary  personnel  as  subjects  engaged  in  military  performance  in  a  field 
setting  designed  to  simulate  various  forms  of  continuous  operations. 
Though  these  investigations  do  not  specifically  address  the  efficacy 
of  prophylactic  napping,  they  nevertheless  provide  important  field 
data  on  the  performance,  mood,  morale,  general  functioning,  and 
tolerance  of  personnel  to  sleep  loss,  and  various  restricted  sleep 
regimes.  The  results  of  these  studies  closely  parallel  and  confirm 
what  has  thus  far  been  reviewed  regarding  the  effects  of  altered  sleep/ 
wakefulness  regimes  on  functioning,  but  further  dramatize  the  effec¬ 
tiveness  of  short  periods  of  sleep  toward  maintaining  performance 
during  sustained  operations. 

Opstad  et  al.  (1978)  assessed  performance  (vigilance,  reaction 
time,  code  test,  sorting  test,  command  memory,  shooting  test),  mood 
(Profile  of  Mood  Stages),  and  clinical  symptoms  in  44  young  male 
cadets  of  the  Royal  Norwegian  Military  Academy  participating  in  a 
ranger  training  course.  Two  strenuous  combat  courses,  one  4  days, 
and  the  other  5  days  were  carried  out  with  three  groups  in  each  exer¬ 
cise:  a  total  sleep  loss  group,  a  group  allowed  3  hours  sleep  in 
the  middle  of  each  course,  and  a  group  allowed  6  hours  sleep  in 
the  middle  of  each  course.  The  4-day  course  amounted  to  92  hours 
of  sleep  deprivation  for  the  no  sleep  group,  89  hours  for  the  3-hour 
sleep  group,  and  86  hours  for  the  6-hour  group.  The  5-day  course 
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involved  the  same  amounts  of  sleep  deprivation  plus  an  additional  24 
hours .  * 

Relative  to  the  total  sleep  loss  group,  the  groups  allowed  a 
little  sleep  in  the  middle  of  each  course  showed  significantly  fewer 
performance  and  mood  deficits  following  their  brief  sleop,  with  the 
6-hour  group  doing  somewhat  better  than  the  3-hour  group.  Of 
course,  even  in  the  groups  allowed  only  a  few  hours  sleep  in  4  days, 
performance  was  generally  below  baseline  levels.  Nevertheless,  in 
terms  of  effective  functioning,  even  a  small  amount  of  sleep  appoarod 
to  bo  clearly  advantageous  compared  to  no  sleep  at  all.  Bugge  et  al. 
(1979)  have  recently  replicated  these  findings,  again  using  Royal 
Norwegian  Military  Academy  cadets  undergoing  a  ranger  training 
course,  and  further  found  very  high  correlations  (>.80)  between 
mood  and  cognitive  performance  (for  group  mean  data)  during  sleep 
deprivation,  suggesting  that  mood  is  a  good  predictor  of  performance 
rhythm  (circadian)  under  stress  (sleep  loss,  heavy  physical  work, 
and  caloric  deficit). 


*Interestingly,  the  authors  of  this  paper  comment  that  "the  cadets 
managed  to  get  short  naps  estimated  by  the  cadets  themselves  to  amount 
to  1-3  hours  totally,  during  the  course"  (p.  1066).  While  the  authors 
do  not  provide  data  on  the  occurrence  and  length  of  these  naps  in  the 
totally  and  partially  sleep-deprived  groups,  it  is  likely  that  tho  cadets, 
once  they  were  thoroughly  exhausted,  utilized  napping  when  possible 
to  adjust  to  the  continuous  performance  demand  of  the  combat  course. 

One  can  only  speculate  how  much  more  effective  their  functioning  would 
have  been  if  they  had  been  trained  to  use  every  sleep  opportunity  for 
prophylactic  napping  even  prior  to  becoming  extremely  fatigued. 
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Haslam  (1981)  has  presented  data  on  two  field  studies  conduc¬ 
ted  with  the  British  armed  services.  The  first  of  these  involved  68 
members  of  a  parachute  regiment  (mean  age  21  years)  divided  into  three 
groups:  a  no  sleep  group,  a  group  allowed  90  minutes  of  sleep  every 
24  hours,  and  a  group  allowed  3  hours  of  sleep  every  24  hours.  The 
first  field  study  required  the  soldiers  to  perform  5  exercises  for  9  con¬ 
secutive!  days,  during  each  of  which  a  defensive  position  was  prepared 
and  occupied.  Data  included:  military  tests  (vigilance  shooting,  group¬ 
ing  capacity,  weapon  handling),  cognitive  tests  (encoding/docoding , 
map-plotting,  short  term  memory,  logical  reasoning ,  StroopTest),  visual 
acuity  tests,  EEG  and  assorted  physiological  and  biochemical  moasures, 
and  subjective  ratings  of  mood,  sleepiness,  military  effectiveness,  etc. 
(by  both  the  participants  and  observers).  Soldiers  could  withdraw  them¬ 
selves  from  the  exercises  at  any  time  and  could  be  withdrawn  if  they 
were  judged  by  physicians  to  be  unfit  to  continue. 

By  the  fourth  day  of  the  9-day  study,  all  of  the  totally  sleep- 
deprived  soldiers  had  withdrawn  from  the  exercise,  unable  to  continue. 
Half  of  the  90-minute  sleep  group  made  it  all  the  way  to  day  9,  compared 
to  most  (91%)  of  the  3-hour  sleep  group.  The  total  sleep  loss  group  had 
profound  decrements  in  vigilance  shooting,  weapon  handling,  all  of  the 
cognitive  tasks,  as  well  as  flattened  circadian  curves,  intense  sleepi¬ 
ness,  negative  mood,  and  an  EEG  indicative  of  unavoidable  light  sleep 
onset  episodes.  By  day  3  without  sleep  they  were  judged  by  the  observers 


to  be  militarily  ineffective! 
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In  contrast,  the  90-minute  and  the  3-hour  sleep  groups  were 
less  impaired  on  vigilance  shooting  and  encoding  tasks,  had  no  weapon 
handling  impairment,  and  experienced  less  sleepiness  and  more  positive 
mood.  This  is  especially  impressive,  since  most  of  these  subjects  com¬ 
pleted  the  full  9  days  on  the  reduced  sleep  schedule.  Their  morale  stayed 
fairly  high,  and  they  were  judged  to  be  generally  militarily  effective  for 
the  bulk  of  the  9  days.  Not  only  did  more  of  the  3-hour  sleep  group  finish 
the  study,  but  they  also  experienced  less  sleepiness.  However,  their 
performance  on  the  military  and  cognitive  tasks  was  not  above  that  of  the 
9  0-minute  sleep  group.  It  would  have  been  particularly  interesting  had 
the  study  included  a  group  allowed  90  minutes  of  sleep  twico  a  day  (3 
hours  per  24  hours).  Hartley's  (1974)  data  would  suggest  such  a  group 
might  do  batter  than  either  of  Haslam's  (1981)  reduced  sleep  groups, 
though,  as  Naitoh  (1981)  has  shown,  it  might  depend  on  where  in  l.ho 
circadian  cycle  these  sleep  periods  are  taken. 

In  a  second  study,  Haslam  (1981)  attempted  to  create  a  situation 
oven  more  realistically  approximating  that  found  in  continuous  military 
operations.  While  the  study  again  involved  young  soldiers  engaged  in 
a  tactical  field  exercise  (defensive  position),  this  time,  enemy  soldiers 
wore  countered,  and  all  subjects  experienced  the  same  sleep/wakefulness 
regime  --  3  and  3/4  days  without  any  sleep,  then  4  hours  of  sleep  a  day 
for  !')  and  1/4  days.  The  measures  employed  basically  consisted  of  the 
various  military,  cognitive,  physiological,  and  subjective  measures  used 
in  the  first  study.  The  question  this  study  sought  to  answer  was  whether 
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a  reduced  sleep  schedule  could  compensate  for  the  effects  of  prior  total 
sleep  loss . 

The  results  showed  that  soldiers  experienced  the  expected  dete¬ 
rioration  in  performance  and  mood  after  3  days  without  sleep,  and  that 
overall  4  hours  of  sleep  per  24-hour  period  could  indeed  reverse  most  of 
the  debilitating  effects  of  prior  sleep  loss.  After  a  day  or  two  with  4 
hours  sleep,  performance  improved  significantly,  unscheduled  (uncon¬ 
trolled)  sleep  episodes  diminished,  and  alertness  increased.  Observers 
rated  soldiers'  military  effectiveness  as  Significantly  improved  following 
the  4-hour  sleep  periods.  These  findings  are  rather  convincing  evidence 
that  within  an  individual,  sleep  deprivation  effects  can  be  created  by 
total  sleep  loss,  then  ameliorated  with  less  than  a  full  quota  of  sleep. 

Taken  together,  these  field  studies  during  continuous  tactical 
operations  provide  a  remarkably  consistent  set  of  data  that  agrees  with 
extensive  laboratory  work  on  the  effects  of  total  and  partial  sleep  loss. 
However,  a  number  of  additional  points  are  made  by  the  military  studies 
that  serve  to  emphasize  the  profound  psychological  consequences  of 
sleep  loss  during  continuous  operations,  as  well  as  the  interaction  of 
both  exogenous  and  endogenous  forces  with  the  effects  of  sleep  loss. 

a .  Exogenous  factors  interacting  with  sleep  loss  effects  during 
quasi-contlnuous  operations.  For  a  sleep-deprived  soldier  engaged  in 
continuous  operations,  environmental  factors  can  clearly  increase  or 
reduce  the  effects  of  sleep  loss.  For  example,  Haslam  (1981)  found 
that  most  of  the  soldiers  who  dropped  out  of  the  first  study  did  so  on  the 
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day  it  rained  continuously,  feeling  they  could  no  longer  function  effec¬ 
tively  (rain  gear  was  not  provided)  /  Conversely,  cognitive  performance 
improved  after  sleep-reduced  subjects  were  allowed  to  dry  out  and  warm 
up. 

Similarly,  aspects  of  the  environment  that  would  usually  be  con¬ 
sidered  fairly  trivial  become  relevant  to  the  mood  of  fatigued  soldiers 
during  sustained  operations.  In  the  second  of  her  investigations  Haslam 
(1981)  observed  that  subjects'  Total  Mood  Disturbance  scores  were  lowest 
the  day  they  were  told  the  washing  tacilities  were  broken,  leading  Haslam 
to  remark  "that  the  withdrawal  of  a  privilege  from  a  tired  soldier  can  re¬ 
sult  in  a  deterioration  in  mood  far  greater  than  that  induced  by  sleep  loss 
itself  (p.  56)."  Thus,  minor  issues  come  to  loom  large  and  can  have 
profound  effects  on  the  sleep-deprived  soldiers'  attitudes,  even  in  the 
context  of  an  otherwise  well-integrated  unit  with  unusually  high  overall 
morale. 

The  presence  and  behavior  of  leaders  can,  to  some  degree,  also 
serve  to  enhance  or  attenuate  sleep  loss  effects  on  mood  and  perform¬ 
ance.  Perhaps  not  surprisingly,  Haslam  (1981)  noted  that  totally  sleep- 
deprived  soldiers  were  more  likely  to  drop  out  of  a  study  after  the  Platoon 
Commander  dropped  out.  Conversely,  the  visit  of  a  VIP  to  the  shooting 
range  during  testing  following  3  days  without  sleep  was  associated  with 
an  upswing  in  performance  scores  that  day,  presumably  due  to  increased 
alertness.  Finally,  Haslam  (1981)  noted  that  a  relaxed  leadership  style 

*Severe  temperatures  are  also  important  in  this  regard. 
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emphasizing  exhortation  rather  than  commands  was  the  best  way  to  deal 
with  tired  soldiers  suffering  the  cumulative  effects  of  sleep  loss. 

Thus,  there  appears  to  be  good  evidence  that  in  the  field,  exog¬ 
enous  factors  can,  at  least  for  brief  periods,  exacerbate  or  attenuate 
the  pervasive  effects  of  sleep  loss  on  performance  and  mood.  Though 
variables  outside  of  the  subject  are  important  to  understand,  their  effects 
are  nevertheless  likely  to  be  more  transient  than  endogenous  factors. 

b.  Endogenous  factors  interacting  with  sleep  loss  effects  during 
guasi-contlnuous  operations.  There  are  a  number  of  known  endogenous 
parameters  that  can  affect  mood  and  performance  and  when  they  are  con¬ 
sidered  in  the  context  of  sustained  operations,  their  effects  can  interact 
with  those  of  sleep  loss.  Circadian  fluctuations  in  physiological,  behav¬ 
ioral,  and  subjective  measures  are  among  the  more  pervasive  internal 
factors  capable  of  potentiating  the  effects  of  sleep  loss  (Johnson  £*  Naitoh, 
1974).  While  circadian  dips  in  performance,  for  example,  normally  occur 
between  0300  and  0600  hours  (Hockey  &  Colquhoun,  1972),  they  are 
strikingly  more  consistent  during  total  sleep  loss.  Partial  sleep  loss 
due  to  fragmented  sleep,  on  the  other  hand,  does  not  appear  to  alter  those 
circadian  effects  beyond  their  normal  influence  (Curtis  &  Fogel,  1972; 
Moses,  Lubin,  Naitoh,  &  Johnson,  1978). 

Field  studies  also  confirm  the  relationship  between  circadian 
variations  and  sleep  loss  effects.  Haslam  (1981)  found  that  most  cog¬ 
nitive  performance  benefited  from  4  hours  sleep.  Logical  reasoning, 
however,  showed  some  impairment  that  was  greatest  at  0545  hours, 
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suggesting  an  unavoidable  circadian  dip.  Bugge  et  al.  (1979)  specifically 
studied  circadian  rhythms  in  mood  and  performance  in  cadets  undergoing 
sleep  deprivation  during  a  ranger  training  course.  They  noted  that  during 
the  ranger  course,  relative  to  baseline  and  recovery  periods,  performance 
and  mood  declined  and  circadian  variations  were  more  pronounced  (40% 
versus  30%-20%)  as  sleep  loss  progressed.  They  suggested  "that  the 
mixed  effects  of  sleep  loss  and  physical  exhaustion  potentiato  the  fluc¬ 
tuations  of  natural  circadian  rhythm  (p.  66  7)." 

Naitoh  (1981)  recently  reported  a  study  assessing  the  effects  of 
sleep  loss,  and  naps  taken  at  different  times  of  the  circadian  cycle,  on 
mood,  physiology,  and  performance  in  young  sailors.  After  45  hours 
without  sleep,  a  2 -hour  nap  from  0400  to  0600  was  followed  by  diminished 
functioninn  and  negative  mood,  that  appear  to  be  primarily  associated 
with  normal  circadian  drops  at  such  hours.  In  contrast,  naps  taken  from 
1200  to  1400  produced  improved  functioning  on  some  parameters,  and  did 
not  yield  the  kinds  of  performance  decrements  found  lor  naps  taken  during 
the  circadian  trough.  Such  data  suggest  that,  at  least  for  sleep-deprived 
individuals,  naps  taken  during  the  circadian  trough  fail  to  reverse  the 
inevitable  consequences  of  sleep  loss;  further,  the  effects  of  circadian 
variations  in  functioning  are  such  that  performance  following  the  nap  is 
actually  worse  than  performance  preceding  it.  Clearly,  in  sleep-deprived 
individuals  at  least,  the  effect  of  napping  on  mood  and  performance  inter¬ 
acts  with  the  circadian  cycle. 
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Physical  work  load  (energy  expenditure)  is  another  endogenous 
factor  that  can  interact  with  both  sleep  loss  effects  and  circadian  rhythms , 
as  was  noted  by  Bugge  et  al.  (1979).  Though  different  theories  of  sleep 
function  would  predict  very  different  relationships  between  sleep  and 
energy  expenditure,  studies  of  varied  work  load  couplod  with  sleep  depri¬ 
vation  have  been  rare.  The  most  pertinent  question  relevant  to  quasi- 
continuous  performance  is  whether  increased  work  load  would  oxacerbato 
sleep  loss  effects.  Since  Haslam's  (1981)  subjects  did  not  have  a  high 
work  loud,  her  data  do  not  bear  on  this  issue.  However,  a  recent  study 
by  Bonnet  (1980)  showed  that  a  16-hour  march  by  Marines  (not  sleop- 
deprivud)  resulted  in  performance  and  mood  decrements  approximately 
equivalent  to  40  hours  of  sleep  loss.  It  would  be  surprising  indeed  if 
increased  work  load  did  not  further  shorten  —  either  physiologically  or 
psychologically  —  individuals'  resistance  to  total  sleep  loss,  and  por- 
haps  also  partial  sleep  loss. 

An  aspect  of  work  load  that  deserves  additional  consideration  Is 
the  amount  of  stress  inherent  in  the  circumstances  ol  a  given  period  of 
sustained  operations.  Physiological  arousal  resulting  from  stress  is  an 
expected  phenomenon  of  quasi-continuous  performance.  Common  bio- 

i 

chemical  indices  (urinary  17-hydroxycorticosteroids)  of  stress  have  boon 
shown  to  be  greatly  affected  when  military  combat  operations  weru  sus¬ 
tained  (no  sleep)  over  periods  of  39  to  48  hours,  providing  stress-inducing 
work  loads  are  maintained.  Francesconi  et  al.  (197H)  studied  artillery 
fire  direction  center  teams  during  a  sustained  simulated  combat  scenario, 
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und  found  increased  evidence  of  stress  as  sleep  deprivation  progressed.* 
In  contrast,  sleep  deprivation  studies  without  stress -inducing  work 
loads  have  not  found  increased  biochemical  indices  of  stress  (Tylor, 

Marx,  &  Goodman,  1946;  Murawski  &  Crabbe,  1960;  Haslam,  1981). 

.Situational  uncertainty  also  appears  to  affect  indices  of  stress, 
as  well  as  interacting  with  sleep  loss.  Francesconi  et  al.  (1978)  found 
that  uncertainty  (over  how  long  operations  may  have  to  bo  sustained) 
produced  oven  greater  levels  of  stress  in  a  fire  team.  Conversely  . 

Kaslam  (1981)  found  that  soldiers  who  had  been  allowed  only  3  hours  of 
sleep  every  24  hours  for  9  consecutive  days  actually  showed  a  spurt  of 
improvement  in  performance  the  9th  day,  presumably  associated  with 
their  knowledge  that  day  9  was  the  last  day  of  sustained  operations. 
Furthermore,  finding  that  increased  levels  of  stress  accompany  situational 
uncertainty  suggests  that,  during  sustained  military  operations,  slack 
times  may  be  available  for  sleep,  but  personnel  may  have  trouble  going 
to  sleep  because  of  anxiety  over  the  anticipation  of  heavy  work  load.** 


*Even  if  performance  is  generally  maintained  during  quasi- 
continuous  operations,  physiological  and  subjective  indices  of  stress 
may  reveal  a  cost  for  the  demands  of  sustained  operations.  In  studies 
of  flight  crews  who  experienced  partial  sleep  loss  (or  no  sleep  loss) 
increased  17-hydroxycorticosteroids ,  hypothermia,  increased  post¬ 
mission  sleep,  and  feelings  of  fatigue  indicated  a  cost  was  paid  for 
the  affective  performance  (Harris,  Pegram,  &  Hartman,  1971;  Hartman, 
1971;  Hale,  Hartman,  Harris,  Miranda,  &  Williams,  1973;  Hartman, 
Storm,  Vanderveen,  Vanderveen,  Hale,  &  Bollinger,  1974). 

**Naitoh,  P.  Personal  communication,  March  6,  1979, 
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Assuming  that  personnel  involved  in  quasl-continuous  exercises 

do  go  to  sleep  for  varying  periods,  they  might  havo  considerable  trouble 

performing  immediately  upon  being  awakened  from  sleep.  Both  Opstad 

et  al.  (1978)  and  Haslam  (1981)  noted  that  when  cognitive  functioning 

was  tested  within  5  minutes  of  awakening,  performance  was  significantly 

poorer  than  either  before  sleep  or  15  to  30  minutes  after  sleep.  This 

performance  decrement  at  awakening  appears  to  bo  ubiquitous,  and  has 

been  shown  to  occur  with  a  wide  variety  of  performance  measures.  These 

include:  simple  reaction  time  (Okuma,  Majamura,  Hayashi,  <S»  Fujimori, 

* 

I960;  Williams,  Morlock,  &  Morlock,  1966);  complex  reaction  time 
(Goodenough,  Lewis,  Shapiro,  Jaret,  &  Sleser,  1965;  Scott,  1969; 
Seminara  &  Shavelson,  1969;  Dinges ,  Ome,  Evans,  &  Orne,  1981); 
grip  strength  (Jeanneret  &  Webb,  1963;  Tobbs  &  Foulkes,  1966);  steadi¬ 
ness  and  coordination  (Wilkinson  &  Stretton,  1971);  visual-perceptual 
tasks  (Scott  &  Snyder,  1968;  Scott,  1969);  memory  (Stones,  1977; 
Akerstedt  &  Gillberg,  1979);  time  estimates  (Carlson,  Feinberg,  & 
Goodenough,  1978);  complex  behavior  simulation  tasks  (Langdon  & 
Hartman,  1961;  Hartman  &  Langdon,  1965;  Hartman,  Langdon,  & 
Mackenzie,  1965;  Seminara  &  Shavelson,  1969);  and  a  host  of  cogni¬ 
tive  tasks  like  mental  addition,  subtraction,  cancellation,  clock  reversal, 
decoding,  and  reasoning  (Pritchett,  1964;  Scott,  1969;  Wilkinson  & 
Stretton,  1971;  Fort  &  Mills,  1  972;  Tebbs,  1972;  Dinges  et  al.  ,  1981; 


Haslam,  1981). 
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While  gross  motor  tasks,  such  as  reaction  time,  recover  rela¬ 
tively  quickly,  some  type  of  performance  decrements  have  been  shown 
to  recover  relatively  slowly,  that  is,  persisting  for  up  to  2  0  minutes 
after  awakening.  This  is  especially  evident  in  more  complex  cognitive 
and  behavioral  tasks  such  as  mental  arithmetic  and  pilot  simulation 
(e.g.,  Pritchett,  1964;  Hartman  &  Langdon,  1965;  Wilkinson  &.  Stretton, 
1971).  ITaslam  (1981)  has  speculated  that  this  post-sleep  performance 
decrement  may  last  even  longer  in  individuals  suffering  sleep  Joss.  She 
also  suggested  that  the  decrement  might  have  been  attenuated  in  her  study- 
had  there  been  an  arousing  stimulus,  such  as  a  threatening  or  demanding 
situation.  We  have  been  unable  to  find  data  on  this  point.  Indeed,  little 
is  known  regarding  ways  to  modify  the  post-sleep  performance  decrement. 
While  it  is  possible  that  a  threatening  situation  might  result  in  faster 
and  more  accurate  performance  upon  awakening,  the  anticipation  of  a 
threatening  situation  might  involve  enough  stress  to  inhibit  sleep  alto¬ 
gether  in  individuals  who  have  not  gained  volitional  control  over  sleep 
onset  (unless  they  are  totally  exhausted). 

'j .  The  Control  of  Sleep  Onset. 

Learning  to  nap  prophylactically  would  likely  involve  both  psycho¬ 
logical  and  behavioral  changes  in  any  personnel  not  already  habitually 
oriented  toward  compensatory  sleeping  at  available  times.  An  efficient 
use  of  slack  time  opportunities  to  nap  would  require  learning  to  go  to 
sleep  in  a  relatively  brief  period  of  time.  Thus,  we  fully  expect  that 
for  some  individuals  sleep  onset  training  would  be  necessary. 


Recently,  there  has  been  increased  interest  in  the  problems  of 
sleep  onset  in  the  treatment  of  insomnia,  where  sleep  onset  difficulties 
can  form  a  part  of  the  symptomatology  (Kales  &  Kales,  1974).  Reports 

of  treatment  of  sleep  onset  difficulty  by  behavior  therapy  and  biofeed- 

f 

back  techniques  have  provided  evidence  for  the  efficacy  of  these  ap¬ 
proaches  in  decreasing  sleep  onset  latency  (Ribordy  &  Denney,  1977; 
Bootzin  &  Nicassio,  1980).  For  example,  some  studies  have  shown 
that  feedback  of  EMG  muscle  tension  can  significantly  improve  the  on¬ 
set  latencies  in  chronic  insomniacs  (Stoyva,  1973).  However,  similar 
results  have  been  obtained  with  hypnosis  (Graham,  Wright,  Toman,  & 
Mark,  1975),  and  relaxation  training  without  feedback  (Borkovec  6, 
Fowias,  1973).  It  would  appear  that  stimulus  control  instructions  and 
most  relaxation  training  procedures  (progressive  relaxation,  autogenic 
training,  self-hypnosis,  meditation,  and  biofeedback)  can  have  signifi¬ 
cant  effects  on  shortening  sleep  onset  in  insomniacs  (Bootzin  & 
Nicassio,  1980). 

However,  our  primary  interest  is  the  control  of  sleep  onset  in 
normal  individuals  who  are  not  insomniacs.  Thus,  as  we  noted  above, 
there  are  broad  individual  differences  in  the  ability  to  nap  at  various 
times.  Our  own  recent  factor  analytic  studies  of  subjective  sleep  pat¬ 
terns  hove  suggested  that  there  are  several  unrelated  dimensions  under¬ 
lying  habitual  sleep  patterns  (Evans,  1977a).  For  the  present  program, 
the  most  important  of  these  was  one  tentatively  identified  in  terms  of 
the  voluntary  control  of  sleep  processes:  some  subjects  consistently 
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report  they  fall  asleep  easily  at  night  and  can  sleep  in  a  wide  variety 
of  unusual  surroundings.  Habitual  nappers  consistently  score  higher 
on  this  dimension  than  non-nappers.  Thus,  while  we  may  not  under¬ 
stand  the  mechanism  whereby  one  can  voluntarily  turn  on  and  off  sleep 
processes,  it  does  seem  that  the  capacity  to  do  so  is  an  individual 
characteristic,  with  nappers  having  greater  control  over  this  capacity 
than  non-nappers. 

Of  particular  interest  in  our  own  work  was  the  isolation  of  a 
subgroup  of  habitual  non-nappers  who  also  seemed  to  have  the  capacity 
to  control  sleep  processes  (Evans,  1977b).  These  were  non-nappers 
who  did  not  nap,  primarily  because  they  felt  they  did  not  have  time  and 
that  napping  would  interfere  with  other  activities,  as  opposed  to  a  second 
much  smaller  group  of  non-nappers  who  avoided  naps  because  for  them 
there  wore  unpleasant  physical  and  mental  consequences.  The  first 
group  of  non-nappers  not  only  could  exert  more  control  over  sleep  proc¬ 
esses  but  were  more  hypnotizable  than  those  non-nappers  who  did  not 
report  such  control. 

In  sum,  our  own  data  have  suggested  that  there  are  a  consider¬ 
able  number  of  individuals  who  already  have  a  high  degree  of  control 
over  sleep  onset  and  a  far  greater  number  who  have  the  potential  for 
learning  this  skill  more  easily  than  is  generally  recognized.  A  number 
of  proc<~'-  *es  (including  self-hypnosis  or  relaxation  techniques,  bio¬ 
feedback,  and  s.  ne  form  of  stimulus  control,  mental  set  instructions) 
show  promise  in  facilitating  an  individual's  control  over  sleep  onset 


44 


and  may  therefore  be  relevant  in  implementing  prophylactic  napping  on 
a  broad  scale. 

Perhaps  equally  important  as  individual  training  in  relaxation 
and  control  of  sleep  onset  is  a  modification  of  the  behavioral  context 
in  which  napping  is  expected  to  occur  during  quasi-continuous  work 
schcdulos.  Prophylactic  napping  requires  a  framework  wherein  sleep 
discipline  becomes  a  legitimized  and  appropriate  activity.  Personnel 
would  have  to  be  motivated  to  nap  during  slack  times,  and  would  have 
to  perceive  the  nap  as  a  desirable  event.  Social  facilitation  of  prophy¬ 
lactic  napping  would  then  also  occur  in  the  context  of  sustained  operations. 

t>.  Summary  of  Relevant  Literature. 

Those  aspects  of  the  sleep  literature  directly  relevant  to  prophy¬ 
lactic  napping  have  been  reviewed.  Napping  appears  to  be  a  common 
phenomenon  among  the  majority  of  young  adults  who  have  schedules  that 
permit  it,  with  replacement  (compensatory)  naps  being  the  most  common 
form  of  napping.  Laboratory  studies  have  been  reviewed  documenting 
improvements  in  performance  and  mood  following  naps  in  non-slcep- 
deprived  individuals  who  nap  regularly;  showing  the  advantage  of  a 
few  short  naps  over  one  reduced  continuous  sleep  period  in  partially 
sleep-deprived  adults;  and  demonstrating  the  utility  of  naps  in  prevent¬ 
ing  many  of  the  deficits  found  in  totally  sleep-deprived  subjects. 

It  appears  that  as  little  as  one  24-hour  period  without  sleep  can 
dolotcriously  affect  mood  ana  performance  in  some  individuals,  and  a 
number  of  consecutive  days  without  sleep  will  yield  progressive 
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deterioration  in  positive  mood  states,  vigilance,  reaction  time,  and 
cognitive  performance,  with  concomitant  increases  in  negative  mood 
and  involuntary  sleep  onset  for  most  individuals.  Partial  sleep  loss 
studies,  including  abrupt  and  gradual  sleep  reduction  and  fragmented 
sleep,  support  the  conclusion  that  performance  can  generally  be  main¬ 
tained  with  reductions  of  up  to  40%  in  total  sleep  time,  though  sleepiness 
and  negative  mood  may  increase.  Thus,  there  appears  not  to  be  a  linear 
relationship  between  amount  of  sleep  loss  and  the  degree  of  performance 
impairment.  Even  as  little  as  3  hours  sleep  in  the  middle  of  113  hours 
of  sustained  activity  can  improve  functioning  significantly. 

Recent  studies  of  psychological,  behavioral,  and  physiological 
functioning  in  military  personnel  undergoing  sustained  operations  for  up 
to  9  days  confirm  the  laboratory  data  on  the  effects  of  partial  and  total 
sleep  loss.  Total  sleep  deprivation  so  profoundly  diminished  function¬ 
ing  during  continuous  operations  that  within  4  days  motivated  personnel 
fully  recognized  their  inability  to  function  effectively,  and  independent 
observers  confirmed  the  ineffectualness  even  sooner.  However,  a  single 
90-minute  sleep  period  each  day  significantly  lessened  the  sleep  loss 
effects,  thus  permitting  somewhat  more  effective  functioning  for  more 
days.  A  3-hour  period  of  sleep  each  day  had  even  greater  salutary  effects. 
Moreover,  following  3  days  of  sustained  operations  with  accompanying 
sleep  deprivation  and  cumulative  drops  in  performance  and  mood,  4 
hours  oi  sleep  a  day  thereafter  reversed  much  of  the  deteriorated  func¬ 


tioning. 
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While  sleep  loss  can  account  for  much  of  the  diminished  capa¬ 
city  found  in  personnel  engaged  in  sustained  operations,  other  factors 
can  further  exacerbate  declining  performance  and  mood.  Stress,  heightened 
work  load,  diurnal  variations,  and  hostile  environmental  conditions  are 
frequent  aspects  of  continuous  military  operations  that  will  affect  func¬ 
tioning  regardless  of  sleep  debt.  Nevertheless,  when  the  negative  effects 
of  these  factors  are  combined  with  the  cumulative  effects  of  sleep  loss , 
especially  total  sleep  loss,  performance  and  mood  deteriorate  profoundly, 
making  affective  functioning  nearly  impossible  for  most  individuals,  and 
ultimately  leading  to  involuntary  sleep  at  inopportune  times.  Despite 
the  presence  of  these  factors,  the  elimination  of  sleep  loss  effects  alone 
should  go  a  long  way  toward  maintaining  effectiveness. 

Prophylactic  napping  was  conceptualized  as  a  potentially  realistic 
way  in  which  personnel  could  prevent  or  at  least  postpone  the  effects  of 
sleep  loss  by  napping  during  slack  times  and  in  advance  of  anticipated 
periods  of  sustained  operations.  Thus,  as  individuals  who  are  already 
partially  sleep-deprived  are  more  sensitive  to  further  sleep  loss,  it 
would  bo  surprising  indeed  if  individuals  who  have  had  some  sleep  were 
not  more  resistant  to  the  effects  of  subsequent  sleep  loss.  The  efficacy 
of  naps  to  enhance  the  capacity  to  function,  particularly  under  conditions 
of  limited  sleep  opportunities,  would  seem  to  be  a  reasonable  alternative 
to  the  cumulative  effects  of  total  sleep  loss. 

However,  individual  differences  in  napping  ability,  as  well  as 
hostile  sleep  environments,  stress,  and  attitudes  toward  napping  suggest 
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that  prophylactic  napping  will  necessarily  involve  training  some  indi¬ 
viduals  to  control  sleep  onset.  The  most  promising  techniques  would 
appear  to  be  combinations  of  relaxation  procedures  and  stimulus  control 
instructions.  Further,  modeling  and  social  facilitation  of  napping  in 
the  particular  context  in  which  prophylactic  napping  is  to  occur  are 
important.  Thus,  a  combination  of  training,  a  restructuring  of  attitudes 
towards  napping,  and  appropriate  legitimization  are  likely  to  be  needed 
for  prophylactic  napping  to  become  an  operationally  useful  technique. 
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C- .  Overview  of  Studies. 

A  review  of  the  napping  literature  and  studies  of  sleep  loss 
reveals  that  no  investigation  has  yet  determined  how  effective  naps 
are  in  maintaining  functioning  if  they  are  taken  in  advance  of  sleep 
loss  —  prophylactic  napping.  While  naps  appear  to  be  a  way  many 
individuals  cope  with  precedent  or  subsequent  sleep  loss,  and  it  is 
clear  that  naps  can  have  beneficial  consequences,  it  is  less  certain 
whether  they  are  beneficial  for  everyone. 

Though  we  have  emphasized  the  agreement  among  studies  of 
short  sleep  periods  in  terms  of  maintenance  of  performance,  it  is  im¬ 
portant  to  note  that  definitive  conclusions  cannot  be  drawn  from  the 
body  of  literature  on  changes  in  sleep  patterns,  fragmented  sleep,  or 
the  potential  of  naps  to  alleviate  fatigue,  without  taking  into  account 
the  naturally  occurring  differences  among  individuals'  sleep/wakeful¬ 
ness  patterns,  including  the  ability  to  nap.  Indeed,  Johnson  and 
Naitoh's  (1974)  extensive  review  of  the  consequences  of  sustained 
operations  places  considerable  emphasis  on  individual  differences  in 
response  to  sleep  loss,  in  typical  sleep  patterns,  and  the  maintenance 
of  effective  functioning. 

Because  of  the  implications  of  individual  differences  for  the 
utilization  of  naps  to  facilitate  performance  in  the  absence  of  desirable 
sleep  opportunities,  it  was  important  to  first  establish  the  relevance  of 
individual  differences  to  the  ability  to  nap  and  derive  benefits  from  it. 
Thus,  our  initial  studies  sought  to  determine  the  frequency  of  napping  in 
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young  adults;  Individual  differences  in  napping  ability;  psychophysi- 
ological  characteristics  of  naps;  benefits  derived  from  naps;  and  the 
effect  of  naps  on  performance  and  mood  both  immediately  after  the  nap 
as  well  as  some  time  later. 

The  studies  of  napping  ability  and  consequences  were  carried 
out  on  non-sleep-deprived  habitual  nappers  and  non-nappers,  in  a 
sleep-conducive  environment.  However,  we  recognized  that  implemen¬ 
tation  of  a  napping  regime,  particularly  prophylactic  napping  during 
continuous  operations,  would  necessarily  require  individuals  to  nap 
in  sleep-hostile  environments.  Consequently,  we  also  investigated 
the  effects  of  naps  in  non-sleep-deprived  nappers  and  non-nappers 
attempting  to  nap  in  an  environment  unconducive  to  sleep.  We  were 
interested  in  comparing  individuals'  reactions  to  these  naps  with  the 
brief  daytime  sleep  in  the  sleep-conducive  environment,  to  determine 
if  the  ability  to  nap  and  the  consequences  of  a  nap  vary  not  only  along 
individual  difference  parameters ,  but  also  as  a  function  of  the  napping 
environment. 

The  survey  studies  used  to  investigate  the  incidence  and  type 
of  napping  patterns  in  the  military  age  population  necessarily  employed 
many  hundreds  of  young  adults.  The  laboratory  phase  of  the  studies 
used  selected  samples  of  these  young  adults,  and  included  extensive 
physiological,  subjective,  and  behavioral  measures .  However,  we  also 
included  sleep  diary  and  circadian  data  in  our  studies  in  an  effort,  to 
validate  survey  reports  of  napping  patterns  in  relation  to  sleep  loss, 
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and  to  determine  the  degree  to  which  circadian  oscillators  might  rotate 
to  napping  ability  and  the  effects  of  napping.  The  following  sections 
in  the  report  detail  our  procedures,  results,  and  their  implications  for 
future  work. 

Following  the  investigations  of  nappers  and  non-nappers  in 
varying  nap  environments,  we  plan  to  conduct  a  study  specifically 
designed  to  efficiently  test  the  effect  of  prophylactic  napping  in  an 
acute  sleep  deprivation  paradigm.  Such  a  study  logically  follows  the 
investigation  of  individual  differences  in  napping  pattern.  The  group 
of  individuals  participating  in  the  prophylactic  napping  study  is  intended 
to  come  from  the  category  of  replacement  nappers  (who  typically  nap  to 
compensate  for  sleep  loss). 

Finally,  following  the  prophylactic  napping  study,  wo  plan  to 
determine  the  most  effective  means  of  teaching  non-sleep-deprived 
individuals  to  gain  volitional  control  over  sleep  onset.  The  ability  to 
sleep  at  will  and  ignore  future  uncertainty,  danger,  or  unpredictable 
work  demands  is  a  significant  asset  to  the  effective  functioning  of  any 
individual  required  to  sustain  performance  in  the  face  of  stress. 
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III.  THE  CURRENT  STUDY  OF  NAPPING 
A.  Procedure. 

1 .  Survey  and  Classification  of  Subjects. 

Our  studies  of  napping  have  focused  on  the  normal,  healthy, 
young  male  and  female  adult  college  population.  The  age  range  of 
these  subjects  is  typically  18  to  35  years,  and  is  therefore  compa¬ 
rable  to  the  age  of  a  significant  proportion  of  military  personnel. 
Moreover,  the  general  variability  of  college  students'  schedules 
results  in  some  flexibility  in  sleep/wakefulness  patterns,  and  thus 
provides  a  population  where  broad  individual  differences  in  napping 
behavior  are  common. 

In  order  to  gain  some  insight  into  the  patterns  and  purposes 
of  napping  and  non-napping,  as  well  as  replicate  earlier  findings, 
we  surveyed  956  young  adults  using  a  questionnaire  called  the 
Survey  of  Subjective  Sleep  Patterns  (SSSP;  Evans  &  Orne,  1975; 
see  copy  in  Appendix  I).  This  questionnaire  had  been  developed 
and  used  in  our  earlier  work  (Evans  &  Cme,  1975),  and  these 
956  respondents  were  in  addition  to  946  college  adults  surveyed 
in  our  original  study.  The  full  procedural  details  for  soliciting 
individuals  to  complete  this  survey  are  identical  for  both  the 
original  and  current  study.  A  detailed  description  of  the  survey 
methods  and  the  SSSP  itself  is  contained  in  our  earlier  progress 
report  by  Evans  and  Orne  (1975).  Only  those  aspects  of  the  SSSP 
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survey  dealing  with  napper  classification  in  the  current  study  will  be 
described  here.* 

The  first  section  of  the  SSSP  contains  questions  on  nocturnal 
sleep  patterns.  The  last  question  of  this  initial  SSSP  section  concerns 
how  often  the  individual  catnaps  during  the  day.  If  a  subject  responds 
that  he  naps  sometimes,  usually,  or  always,  he  is  instructed  to  com¬ 
plete  the  blue  (i.e. ,  napper)  section  of  the  SSSP.  If  a  subject  responds 
that  he  rarely  or  never  naps,  he  is  requested  to  fill  in  the  green  (i.e. , 
non-napper)  section  of  the  questionnaire.  The  blue  and  green  sections 
are  sealed,  and  completion  of  one  precludes  completing  the  other. 

a.  Nappers .  The  blue  napping  section  of  the  SSSP  contains 
questions  on  an  individual's  frequency  of  napping,  the  temporal  charac¬ 
teristics  of  the  naps,  the  positive  and  negative  consequences  of  the 
naps ,  as  well  as  the  circumstances  under  which  he  is  most  and  least 
likely  to  nap,  A  subject  is  considered  a  current  napper  if  he  naps  at 
least  once  a  week,  and  finds  naps  generally  very  satisfying. 

Beyond  this  broad  categorization  we  have  found  that  nappers  can 
be  classified  into  two  types  based  upon  four  possible  responses  to  the 
SSSP  question  "Do  you  nap  even  when  you  do  not  feel  very  tired?"  Sub¬ 
jects  who  respond  negatively  (i.e. ,  possibly  no  or  definitely  no)  to  this 
question  are  labeled  replacement  nappers,  since  they  indicate  they  nap 


*Those  classification  criteria  are  identical  to  those  originally 
developed  and  reported  by  our  laboratory  (Evans  &  Ome,  1975;  Evans 
et  al. ,  1977) . 
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primarily  when  tired,  presumably  to  relieve  a  sleep  debt.  Nappers  who 
respond  affirmatively  (i.e,,  possibly  yes  or  definitely  yes)  to  the  ques¬ 
tion  are  termed  appetitive  nappers,  since  they  consistently  report  nap¬ 
ping  regardless  of  subjective  fatigue,  and  thus  presumably  largely  inde¬ 
pendent  of  nocturnal  sleep  variability.  These  subcategories  of  nappers 
appear  to  be  consistent  proportions  of  the  young  adult  population,  and 
thus  provide  a  basis  for  investigating  individual  differences  in  napping 
patterns  and  consequences. 

b.  Non-nappers .  Completion  of  the  green  non-napping  section 
of  the  SSSP  serves  to  classify  a  subject  as  a  current  non-napper.  Since 
there  appeared  to  be  many  reasons  for  not  napping,  we  further  separated 
non-nappers  based  upon  their  reasons  for  not  napping,  and  their  non¬ 
napping  history.  We  specifically  sought  to  isolate  a  group  of  non-nap¬ 
pers  who  not  only  did  not  nap,  but  also  avoided  napping  because  it  had 
negative  effects  upon  them.  Thus,  in  order  to  be  classified  as  a  con¬ 
firmed  non-napper,  a  subject  had  to  indicate  in  response  to  SSSP  ques¬ 
tions  that  he  or  she  has  not  taken  naps  since  childhood  (excluding  tran¬ 
sient  periods  such  as  illness),  finds  naps  generally  unpleasant,  and 
either  unpleasant  mental  and/or  physical  aftereffects  are  the  reason 
for  avoiding  napping.*  Non-nappers  not  meeting  these  criteria  were 
classified  as  reject  non-nappers,  and  though  their  SSSP  responses  were 

*Questions  concerning  unpleasant  aftereffects  (general,  mental, 
and  physical)  were  answered  on  a  5-point  scale  where  1  =  irrelevant 
and  5  =  definitely  applies.  A  response  of  3,  4,  or  5  was  required  to  be 
considered  affirmative. 
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analyzed  to  determine  why  they  did  not  nap,  they  were  not  studied  as 
a  group  in  the  laboratory. 

2 .  Qualification  of  Subjects  for  the  Laboratory  Phase. 

Of  the  956  subjects  surveyed,  subsamples  of  replacement  nap- 
pers ,  appetitive  nappers ,  and  confirmed  non-nappers  were  contacted 
and  asked  to  participate  in  the  laboratory  phase  of  the  study.  In  addi¬ 
tion  to  being  qualified  by  questionnaire  criteria,  subjects  had  to  be 
between  18  and  31  years  of  age  and  in  good  health.*  The  total  number 
of  surveyed  subjects  meeting  either  the  napper  or  non-napper  qualification 
criteria  as  well  as  the  age  and  health  criteria  were  479.  Of  these,  67 
subjects,  36  males  and  31  females,  were  run  in  the  laboratory  study. 

Since  we  sought  to  compare  the  effects  of  naps  in  nappers  and 
non-nappers  who  represented  vastly  different  patterns  and  purposes  of 
napping,  we  considered  it  essential  to  further  confirm  our  SSSP  classi¬ 
fication  of  subjects  volunteering  to  participate  in  the  study.  An  inter¬ 
view  procedure  employed  and  described  in  our  original  study  (Evans  & 
Ome,  1975)  was  again  used  to  confirm  subjects'  SSSP  classification. 

This  consisted  of  all  subjects  being  interviewed  by  an  experimenter 
blind  to  their  SSSP  classification,  and  subsequently  classified  by  him 
into  either  replacement  napper,  appetitive  napper,  or  confirmed  non- 
napper  categories. 


*Over  95%  of  the  subjects  were  between  18  and  24  years  of  age. 


55 


Of  the  67  subjects  run,  57  (85%)  were  classified  into  the  same 
broad  category  (i.e.,  napper  or  non-napper)  by  both  the  SSSP  and  inter¬ 
viewer.  Of  these  57,  31*  (46%  of  67)  were  also  classified  into  the 
same  specific  category  (replacement  napper,  appetitive  napper,  con¬ 
firmed  non-napper)  by  both  criteria.**  Only  these  31  subjects  were 
included  in  the  data  analyses  reported  here.  These  included  11  replace¬ 
ment  nappers,  11  appetitive  nappers,  and  9  confirmed  non-nappers . 

Throughout  the  data  collection  and  analyses,  experimenters 
handling  the  laboratory  sessions  were  blind  to  subjects'  sleep  and  nap 
patterns,  and  classification.  Subjects  were  reimbursed  at  a  rate  of 
$2.50  per  hour  for  time  spent  in  the  laboratory,  and  $1.10  for  transpor¬ 
tation  to  and  from  the  laboratory. 


*The  number  was  actually  32,  but  one  non-napper  subject  had 
a  radically  altered  sleep/wakefulness  cycle  during  the  study,  including 
considerable  sleep  deprivation  due  to  studying.  The  schedule  was  so 
atypical  for  this  individual  that  the  subject  was  excluded  from  anal¬ 
ysis  . 

**The  majority  (n  =  25,  71%)  of  the  35  subjects  not  meeting  the 
conservative  double  classification  criteria  were  categorized  as  nap¬ 
pers  by  both  the  SSSP  and  interviewer,  but  these  two  disagreed  on 
the  specific  type  of  napper.  Eight  subjects  met  the  SSSP  criteria 
of  appetitive  nappers  but  were  categorized  as  replacement  nappers 
by  the  interviewer.  Since  we  know  that  appetitive  nappers  are  also 
able  to  replacement  nap  when  the  need  arises,  those  8  discrepancies 
are  understandable.  However,  another  17  subjects  were  replace¬ 
ment  nappers  by  the  SSSP,  but  considered  appetitive  nappers  by  the 
interviewer.  Replacement  nappers  are  not  considered  capable  of 
appetitive  napping,  though  these  data  indicate  this  may  not  be  the 
case.  Examination  of  the  interviewer's  comments  indicated  that 
most  of  these  17  discrepancies  resulted  when  the  interviewer  de¬ 
cided  the  subject  napped  often  enough  to  preclude  pure  replacement 
napping. 
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3 .  Experimental  Design. 

Figure  1  shows  an  outline  of  the  experimental  design  of  the  study. 
Over  a  30-day  period,  subjects  were  invited  to  attend  four  separate  labo¬ 
ratory  sessions,  with  each  session  being  between  3  and  5  hours  in  dura¬ 
tion.  Whenever  subjects'  schedules  permitted,  the  first  three  sessions 
(DAYS  1,  2,  &  3)  were  scheduled  1  week  apart,  while  the  fourth  session 
followed  2  weeks  after  the  third.  Informed  consent  was  obtained  prior 
to  each  of  the  four  laboratory  sessions.  The  first  (DAY  1)  and  fourth 
(DAY  4)  sessions  served  as  wake  control  conditions,  while  the  second 
(DAY  2)  session  required  napping  in  an  optimal,  sleep-conducive  environ¬ 
ment,  and  the  third  (DAY  3)  session  involved  napping  in  a  somewhat 
sleep-hostile  environment. 

The  order  of  laboratory  nap  DAYS  2  and  3  was  not  counterbalanced 
sinc-o  any  adaptation  effects  to  the  laboratory  would  be  expected  to  work 
against  the  experimental  hypothesis  of  validating  napper  vs.  non-napper 
differences  in  the  ability  to  nap  in  a  hostile  environment.  That  is,  adap¬ 
tation  effects  from  the  DAY  2  optimal  nap  session  should  increase  the 
likelihood  of  sleep  occurring  in  the  subsequent  DAY  3  hostile  environment. 
Moreover,  it  was  expected  that  the  effect  that  the  DAY  3  environment  would 
have  on  various  nap  parameters  would  be  opposite  to  those  typically  found 
for  laboratory  adaptation. 

Whenever  possible  all  sessions  for  a  given  subject  were  run  in 
the  afternoon,  between  noon  and  6:30  p.m. ,  and  nap  DAYS  2  and  3  were 
always  started  during  this  period.  Subjects  were  run  individually,  and 


4-HOUR  LABORATORY  SESSIONS 


NON-LARORATORY  MEASURES  • 
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within  each  subject  the  specific  starting  hour  for  the  four  laboratory 
sessions  was  as  close  as  possible,  to  mirimize  confounding  circadian 
effects. 

During  the  30-day  period  from  DAY  1  to  DAY  4  subjects  completed 
a  detailed  sleep  diary  (see  Appendix  II)  at  home  each  morning,  and  for 
2  weeks  between  DAYS  3  and  4  they  also  recorded  multiple  daily  meas¬ 
ures  of  oral  temperature  and  subjective  arousal  outside  the  laboratory. 
Subjects  were  reimbursed  additionally  at  a  rate  of  $1.00  a  day  for  com¬ 
pleting  the  diary,  and  $1.00  a  day  for  completing  the  temperature  and 
arousal  ratings. 

4.  Laboratory  Sessions. 

a.  DAY  1 .  The  first  visit  to  the  laboratory  included  a  detailed 
description  of  the  study,  additional  sleep  questionnaires,  practice  on 
the  Descending  Subtraction  Task  (DST)  and  Random  Number  Generation 
procedure  (RNG),  and  subjects  were  given  the  sleep  diary  to  complete 
each  morning  for  the  subsequent  30  days.  Though  this  session  included 

a  60-minute  period  preceded  and  followed  by  physiological  anu  subjective 
activation  measures  (and  thus  provided  a  wake  control  period  to  compare 
to  the  effects  of  nap  DAYS  2  and  3  on  activation  indices),  the  DAY  1 
session  served  primarily  to  acclimate  the  subjects  to  the  laboratory, 
the  investigators,  and  the  subjective  and  performance  dependent  variables. 

b.  DAY  2 .  One  week  after  DAY  1,  subjects  returned  to  the  labora¬ 
tory  for  the  first  afternoon  nap  session  (DAY  2),  which  took  place  in  a 
sleep-conducive  (i.e. ,  optimal)  environment  typical  of  most  sleep 
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laboratories.  This  involved  napping  in  a  bed  in  a  dark,  temperature- 
controlled,  sound-attenuated  room.  It  was  emphasized  prior  to  the  nap 
sessions  that  even  if  an  individual  did  not  nap,  the  data  would  be  of 
interest,  since  the  study  sought  to  investigate  both  sleep  and  rest. 

This  was  deemed  necessary  to  allay  any  anxiety  subjects  (especially 
non-nappers)  might  have  had  concerning  their  ability  to  sleep  in  the 
afternoon.  Subjects  were  encouraged  to  maintain  their  usual  sleep 
patterns  throughout  the  study,  and  especially  the  night  before  each 
nap  day.  Prior  to  and  following  the  naps  subjective,  performance,  and 
physiological  measures  were  recorded  at  specific  time  points. 

Figure  2  displays  an  outline  of  measurements  taken  before  and 
after  both  experimental  nap  DAYS  2  and  3.  Performance,  subjective 
arousal,  and  oral  temperature  were  recorded  four  times:  twice  prior  to 
the  beginning  of  each  60-minute  nap  period  (about  1  hour  before,  and 
immediately  before),  and  twice  following  each  nap  period  (immediately 
after,  and  about  45  minutes  after).  The  purpose  of  repeating  measures 
both  before  and  after  the  napping  session  was  to  clarify  the  time  course 
of  effective  functioning  preceding  and  following  a  nap.  Though  the 
same  sequence  of  measurements  was  taken  during  both  wake  control 
sessions  (DAYS  1  and  4),  measurements  occurred  only  twice,  once  imme¬ 
diately  before  and  once  immediately  after  the  60-minute  wake  periods. 

In  addition  to  the  measures  recorded  before  and  aftei  the  naps,  standard 
sleep  recordings  (Rechtschaffen  &  Kales,  1968)  were  taken  during  the 


nap  periods. 
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SEQUENCE  Or  MEASUREMENTS  TAKEN  DURING 
tASORATORY  NAPPING  SESSIONS  (DAYS  2&3) 


Pre-Nap 


InltUl  J 

Measurements  \ 


Measurements 

bnatedlately 

Safer* 


Pott-Nap 


Maaiuramonti 

Immediately 

Altar 


rinat 

Measurements 


Parfonaanca  Task*  #1 
Subjective  Sleepiness  SI 
Oral  Temperature  #1 
Subjective  Activation  SI 

‘Electrode  Application  (about  45  minutes)  | 

Parfennanc*  Tasks  *2 
Subiactlva  Activation  #2 
Oral  Tamparatura  42 

EEO<  Kaart  Rata,  &  Electrodermal  Baaallnaa 
Subiactlva  Slaaplneaa  #2 

•Go  to  sleep*  j 


Telephone  ring  reaction  time  | 

Subjoctlva  Sloaplnata  #3 
Parlor manca  Taaka  43 

Subiactlva  ratings  o(  nap  temporal 
characteristics,  nap  satlalactlon, 
and  recovery  trom  latlgue. 

Subiactlva  Activation  13 
Oral  Temperature  #3 

EEC,  Heart  Rate,  &  Elactrodarmal  Baselines 
.  Telephone  ring  for  elactrodarmal  response. 


strode  Removal  (si 


minutes) 


Parloreianco  Tasks  #4 
Subiactlva  Sleepiness  #4 
Orel  Temperature  44 
Subjective  Activation  44 

Subiactlva  ratings  o(  nap  satisfaction 
and  recovery  from  fatigue. 

Post -experimental  interview 


Figure  2.  Types  and  sequencing  of  measurements  taken  during 
laboratory  naps. 
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While  subjects  knew  in  advance  that  they  would  bo  given  an 
opportunity  to  nap  on  DAYS  2  and  3,  they  were  not  told  the  amount  of 
time  that  would  be  available  for  the  nap;  further,  temporal  cues  were 
removed  from  the  environment.  In  fact,  on  both  nap  days  subjects  had 
60  minutes  to  nap  from  the  time  they  were  told  they  could  "go  to  sleep 
now"  to  the  signal  terminating  the  nap.  They  were  told  that  a  telephone 
situated  next  to  them  would  ring  (72  dB  spl)  signalling  the  end  of  tho  nap. 

Though  DAY  2  involved  many  more  measures  than  our  earlier  nap¬ 
ping  work  (Evans  &  Orne,  1975),  it  nevertheless  contained  those  parame¬ 
ters  necessary  to  permit  a  replication  of  our  earlier  findings  concerning 
differences  in  the  naps  of  nappers  and  non-nappers.  The  additional 
measures  allowed  us  to  extend  the  comparisons  to  performance  and  sub¬ 
jective  activation  domains.  Finally,  DAY  2  also  served  as  a  baseline 
for  comparing  the  effects  of  a  hostile  nap  environment  on  the  sleep  and 
functioning  of  nappers  and  non-nappers. 

o.  DAY  3.  Nap  DAY  3  took  place  1  week  after  nap  DAY  2,  with 
an  effort  being  made  to  schedule  it  on  the  same  day  of  the  week  and  at 
the  same  time  of  the  afternoon  as  DAY  2.  While  for  a  very  few  subjects 
this  was  not  possible  due  to  schedule  changes,  it  is  noteworthy  that  for 
all  subjects  the  average  time  difference  between  the  start  of  DAY  2  and 
DAY  3  nnp  periods  was  only  30  minutes. 

Nap  DAY  3  was  identical  to  DAY  2  in  all  procedural  aspects,  tho 
major  exception  being  the  environment  in  which  the  nap  was  taken.  For 
DAY  3  subjects  were  told  they  would  be  provided  an  opportunity  to  nap 
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in  an  environment  more  similar  to  what  they  might  encounter  at  home 
or  in  the  dormitory.  Specifically,  they  were  asked  to  nap  in  a  different 
room  from  DAY  2,  while  sitting  up  in  a  semi-reclined  lounge  chair  (with 
foot  rest)  with  the  light  on.  They  were  also  told  that  unlike  the  DAY  2 
room,  the  DAY  3  room  was  not  sound-attenuated  and  consequently  they 
would  hear  some  noise  from  the  corridor  upstairs  and  outside  the  building. 
In  order  to  keep  the  auditory  stimuli  of  DAY  3  constant,  a  tape  recording 
of  common  building  sounds,  such  as  footsteps,  paging,  doors  closing, 
etc.  (14  different  types  of  sounds  in  all),  was  prepared  and  played 
through  a  speaker  concealed  in  the  wall  above  the  ceiling  during  the 
entire  three  hours  the  subject  was  in  the  DAY  3  room.  The  occurrence 
of  each  sound  during  the  nap  period  was  registered  on  a  channel  of  the 
polygraph  along  with  a  description  of  the  sound.  There  were  approxi¬ 
mately  48  periods  of  sound  in  the  60-minute  nap  period  of  DAY  3,  varying 
in  duration  from  a  few  milliseconds  (door  slam)  to  2  minutes  (computer 
teletype),  and  ranging  in  intensity  from  40  dB  (conversation)  to  62  dB 
(hospital  cart  being  dragged)  with  a  median  intensity  of  50  dB  (adjusted 
for  46  dB  ambient  noise  level  of  room).  Sounds  seemed  to  be  coming 
from  a  corridor  on  the  floor  above.  Post-experimental  inquiries  conduc¬ 
ted  by  two  independent  experimenters  at  the  end  of  DAY  3,  as  well  as  at 
the  end  of  DAY  4  when  the  entire  experiment  had  been  completed,  indi¬ 
cated  that  only  two  subjects  questioned  whether  the  sounds  were  natural 
occurrences.  Finally,  DAY  3  differed  from  DAY  2  in  that  the  telephone 
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bell  on  DAY  3  was  increased  in  intensity  to  93  dB  to  permit  assessment 
of  an  intense  stimulus  on  performance  at  awakening. 

Since  the  use  of  napping  in  the  field  by  military  personnel  would 
almost  certainly  involve  sleeping  for  brief  periods  in  somewhat  alerting 
environments,  we  considered  it  necessary  to  determine  what  effects  an 
alerting  environment  like  DAY  3  was  likely  to  have  on  napping  in  non¬ 
sleep-deprived  habitual  nappers  and  non-nappers.  We  fully  expected 
that  whereas  confirmed  non-nappers  would  have  difficulty  in  napping 
on  DAY  3,  appetitive  nappers  would  have  the  least  difficulty.  Replace¬ 
ment  nappers  presented  the  real  challenge  in  prediction,  since  on  both 
DAYS  2  and  3  we  were  asking  them  to  nap  without  necessarily  depriving 
them  of  nocturnal  sleep.  While  we  anticipated  they  would  nap  on  DAY  2, 
we  were  hopeful,  though  less  certain,  about  their  ability  to  nap  on  DAY  3. 
The  fact  that  habitual  nappers  generally  score  higher  on  the  control  of 
sleep  dimension  than  non-nappers  (Evans,  1977a)  would  suggest  that 
replacement  nappers  might  be  able  to  fall  asleep  in  an  alerting  environ¬ 
ment.  However,  when  the  sleep-hostile  nature  of  the  DAY  3  environment 
and  the  lack  of  sleep  deprivation  are  considered,  it  seemed  doubtful 
whether  replacement  nappers  would  be  able  to  sustain  sleep  on  DAY  3. 

DAY  3  thus  provided  both  a  more  realistic  napping  environment, 
as  well  as  an  opportunity  to  investigate  the  relationships  among  physio¬ 
logical,  performance,  and  subjective  parameters  under  experimental 
conditions  that  were  likely  to  alter  one  or  more  of  those  data  domains 
when  compared  to  naps  in  an  optimal  environment. 
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cl.  DAY  4.  Two  weeks  elapsed  between  DAY  3  and  the  final 
laboratory  session,  DAY  4,  during  which  the  oral  temperature  and  sub¬ 
jective  activation  circadian  data  were  collected  by  subjects  at  home. 

Upon  returning  to  the  laboratory  for  DAY  4,  subjects  turned  in  this  data 
as  well  as  their  sleep  diaries.  Like  DAY  1 ,  DAY  4  involved  no  nap,  but 
rather  required  subjects  to  complete  non-sleep-related  questionnaires 
during  a  60-minute  wake  control  period  that  was  preceded  and  followed 
by  performance  trials,  oral  temperature  measurements,  and  completion 
of  subjective  activation  forms.  The  session  was  ended  with  an  extensive 
debriefing  covering  the  entire  study. 

DAY  4  permitted  us  to  compare  hypothesized  pre-nap  to  post¬ 
nap  data  changes  found  on  nap  DAYS  2  and  3,  with  possible  changes  in 
data  across  a  60-minute  wake  control  period.  Such  within-groups  com¬ 
parisons  were  considered  necessary  to  determine  what  effects  nap  sleep 
vs.  a  quiet  period  of  wake  activity  at  the  same  time  of  day  had  upon  data 
parameters.  To  assume  that  all  changes  observed  from  pre-  to  post-nap 
are  the  result  of  sleep,  without  determining  if  they  occur  with  the  mere 
passage  of  time,  would  have  severely  limited  the  scope  of  any  conclusions 
regarding  the  functions  of  naps  in  young  adults. 

5 .  Data  Collected. 

a .  Performance  measures. 

(1)  Reaction  Time  (RT) .  The  reaction  time  measure  employed  was 
somewhat  more  complex  than  a  simple  RT  task.  On  nap  DAYS  2  and  3 
subjects  ware  told  that  a  telephone  situated  next  to  them  would  ring  to 
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signal  the  end  of  the  nap  session.  They  were  instructed  to  answer  the 
phone  as  quickly  as  possible  when  it  rang;  the  phone  bell  was  arranged 
to  ring  continuously  until  the  receiver  was  lifted.  The  time  from  bell 
onset  to  receiver  pickup  was  electronically  recorded  on  a  polygraph 
channel  and  served  as  the  RT  measure.  Fifteen  minutes  after  each  nap, 
at  the  end  of  a  resting  wake  baseline  period,  the  phone  rang  again,  thus 
providing  an  RT  from  the  wake  condition  following  each  nap.  The  DAY  3 
bell  was  21  dB  (spl)  more  intense  than  the  DAY  2  bell. 

(2)  Descending  Subtraction  Task  (DST).  The  DST  was  specifically 
devised  to  tax  the  cognitive  functioning  of  an  individual  for  a  relatively 
brief  period  of  time.  It  can  be  carried  out  by  a  subject  while  lying  in 
a  bed  in  the  dark,  and  it  does  not  require  the  presence  of  the  experimenter 
in  the  room.  Thus,  it  allows  testing  within  seconds  of  awakening.  The 
subject  is  initially  given  a  three-digit  number  such  as  832.  He  is  asked 
to  repeat  it  aloud,  then  required  to  mentally  subtract  the  number  9  from 
832  and  to  say  the  remainder  (823)  aloud.  The  minuend  now  becomes 
823,  from  which  he  is  required  to  subtract  8,  The  remainder  (815)  is 
again  said  aloud.  In  this  fashion  the  subtrahend  progressively  de¬ 
creases  by  one  until,  having  reached  the  value  of  2 ,  it  returns  to  9, 
and  the  series  is  continued  in  this  manner.  The  subject  continues  until, 
at  tho  end  of  3  minutes,  he  is  told  to  stop.  The  instructions  emphasize 
repeatedly  that  the  subject  "should  work  as  fast  as  possible  and  keep  a 
steady  pace.  It  is  also  important  that  you  be  as  accurate  as  possible." 

A  typical  sequence  of  correct  subtractions  said  aloud  by  a  subject  is  as 
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follows:  832,  823,  815,  808,  802,  797,  793,  790,  788,  779,  771, 
etc.  The  subtractions  themselves  are  done  silently;  only  the  answers 
are  said  aloud.  With  multiple  trials,  the  starting  number  of  the  task 
is  always  different,  and  a  large  enough  number  is  selected  to  assure 
that  even  the  fastest  subject  cannot  reach  zero  within  3  minutes. 

Since  the  task  clearly  requires  that  the  subject  keep  both  the 
subtrahend  and  minuend  in  mind,  and  since  both  change  after  each 
response,  a  considerable  load  is  placed  on  short  term  memory  during 
the  task.  Subjects  are  encouraged  to  correct  any  of  their  responses  if 
they  think  there  are  errors,  but,  in  any  case,  to  go  on.  Thus,  if  they 
get  completely  lost  in  a  sequence,  they  are  to  guess  where  they  arc  and 
continue.  The  task  can  be  scored  for  speed  (total  number  of  responses), 
accuracy  (total  number  of  errors),  or  both  speed  and  accuracy  simulta¬ 
neously  (number  correct  per  second).  The  DST  shows  a  practice  effect 
over  the  first  nine  trials  that  should  be  taken  into  account  when  small 
increments  in  performance  are  studied.  The  DST  was  performed  four 
times  on  each  visit  to  the  laboratory,  including  60  minutes  and  5  minutes 
before  each  nap  session,  as  well  as  less  than  1  minute  and  35  minutes 
after  each  nap  session.  In  the  post-experimental  inquiry  nearly  all 
subjects  commented  on  the  task's  difficulty. 

(3)  Random  Number  Generation  (RNG).  The  random  number  gener¬ 
ation  task  has  been  derived  from  our  work  on  the  measurement  and  deploy¬ 
ment  of  human  attention  (Graham  &  Evans,  1977;  Evans,  1978;  Evans  & 
Graham,  1980).  The  subject  is  asked  to  randomly  produce  numbers  between 
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1  and  10  (inclusive)  in  time  with  a  metronome  at  a  rate  of  one  per  second. 
The  task  demands  that  the  subject  keep  in  mind  the  numbers  he  has  gener¬ 
ated  in  the  past  —  in  order  to  avoid  using  any  given  number  more  than 
another,  or  repeating  a  number  too  frequently.  A  trial  lasts  for  2  minutes, 
and  the  randomness  of  a  sequence  of  100  consecutive  numbers  in  each 
trial  is  computed  by  a  computer  program  (see  Evans  [1978]  for  scoring 
details).  The  RNG  task  was  given  immediately  after  each  DST  trial  on 
both  nap  days  and  wake  control  days. 

b.  Subjective  measures. 

(1)  Behavioral  sleep/wakefulness  patterns.  Detailed  sleep 
diaries  (see  Appendix  II)  were  kept  by  all  subjects  throughout  the  dura¬ 
tion  of  the  30  days  from  laboratory  DAY  1  to  4.  A  version  of  the  4-page 
daily  diary  was  used  in  our  previous  napping  studies,  and  includes  ques¬ 
tions  concerning  both  sleep  as  well  as  waking  activity,  and  thus  provides 
crucial  information  on  the  characteristics  of  nap  days  and  non-nap  days 
in  the  larger  sleep/wakefulness  pattern.  In  addition,  the  diary  provides 
important  information  on  the  sleep  the  night  before  laboratory  nap  days. 
Subjects  were  requested  to  complete  the  diary  each  morning,  shortly 
after  arising. 

(2)  Subjective  activation.  An  Activation-Deactivation  Adjective 
Checklist  (AD-AOL)  developed  by  Thayer  (1967,  1970)  was  used  to  assess 
subjective  activation.  The  scale  yields  four  orthogonal  factors,  two  of 
which  are  related  to  diurnal  fluctuations  in  subjective  arousal  and  sleepi¬ 
ness  (Clements,  Hafer,  &  Vermillion,  1976).  Factors  from  this  brief 
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checklist  have  been  reported  to  be  affected  by  afternoon  naps  in  non¬ 
sleep-deprived  subjects  (Taub  et  al. ,  1976;  Bertelson  ,  1979),  as  well 
as  by  sleep  deprivation  (Bohlin  &  Kjellberg,  1973).  A  short  20-item 
version  of  the  AD-ACL  was  employed  repeatedly  throughout  all  labora¬ 
tory  sessions,  both  before  and  after  naps,  and  subjects  were  requested 
to  complete  this  version  for  two  weeks,  at  home,  five  times  a  day  (upon 
arising,  noon,  3:30  p.m.,  7:30  p.m.,  and  bedtime)  to  provide  informa¬ 
tion  on  circadian  variation  in  subjective  activation  in  nappers  and  non- 
nappers.  The  short  AD-ACL  form  was  printed  on  4  x  6  inch  colored  cards 
which  were  bound  into  booklets  of  75.  Each  card  had  typed  atop  it.  the 
date  and  time  of  day  it  was  to  be  completed.  A  different  colored  card 
represented  each  of  the  five  times  per  day,  and  thus  cards  were  arranged 
so  that  if  a  subject  missed  a  recording,  a  blank  card  was  evident.  Fur¬ 
ther,  the  colors  of  the  cards  matched  the  appropriate  Tempa-Dot  thermo¬ 
meter  labels  for  time  of  day  (to  be  described  below),  and  each  card 
had  space  for  recording  the  oral  temperature  that  accompanied  it,  as 
well  as  the  exact  time  of  day  it  was  completed. 

(3)  Sleepiness .  The  subjective  sleepiness  scale  we  developed 
and  used  is  similar  to  other  traditional  sleepiness  scales  (Hoddes  et  al. , 
1973).  It  consists  of  a  10-point  scale  where  1  is  "wide  awake"  and  10 
is  " vury  sleepy."  Sleepiness  and  tiredness  were  assessed  repeatedly 
throughout  all  laboratory  sessions. 

(4)  Nap  satisfaction  and  recovery  from  fatigue.  In  an  effort  to 
study  subjective  fatigue  in  conjunction  with  physiological  and  performance 
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measures,  we  included  a  number  of  rating  scales  designed  to  assess 
nap  satisfaction,  recovery  from  fatigue,  nap  refreshedness,  and  sub¬ 
jective  estimates  of  the  temporal  characteristics  of  the  nap.  These 
scales  followed  immediately  after  nap  DAYS  2  and  3,  and  again  approx¬ 
imately  40  minutes  after  the  naps. 

c.  Physiological  measures. 

(1)  Oral  temperature.  As  a  measure  of  physiological  activation, 
body  temperature  displays  a  24-hour  circadian  rhythm  that  is  closely 
associated  with  sleep/wakefulness  patterns,  as  well  as  subjective 
sleepiness  and  performance  rhythms  (Kleitman,  1963;  Colquhoun,  1971). 
We  recorded  sublingual  (oral)  temperature  frequently  throughout  labora¬ 
tory  sessions,  each  time  sleepiness  and  subjective  activation  were 
assessed.  In  addition,  we  asked  subjects  to  record  their  oral  tempera¬ 
ture  for  2  weeks,  at  home,  at  the  same  five  times  of  the  day  they  com¬ 
pleted  the  AD-ACL.  While  we  used  both  a  basal  thermometer  and  1- min¬ 
ute  Tempa-Dot*  thermometers  in  the  laboratory,  the  subjects  used  only 
the  disposable  Tempa-Dots  at  home.  Subjects  were  provided  with  Tern  pa - 
Dots  labeled  for  each  date  and  color-coded  consistent  with  the  AD-ACL 
page  for  time  of  day,  and  were  asked  to  save  and  return  the  used  thermo¬ 
meters  to  the  laboratory  on  DAY  4  for  verification  purposes.  The  fact 
that  the  temperature  could  be  conveniently  obtained  in  1  minute  (while 
they  completed  the  AD-ACL  booklet),  and  that  subjects  were  treated  as 
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coinvestigators  to  collect  the  circadian  data  on  their  own  outside  the 
laboratory,  combined  to  yield  over  98%  complete  data. 

(2)  EEG  and  related  sleep/wakefulness  measures.  Four  channels 
of  electroencephalographic  (EEG),  2  channels  of  electrooculographic 
(EOG) ,  and  1  channel  of  electromyographic  (EMG)  recording  wero  made 
throughout  both  DAY  2  and  DAY  3  60-minute  nap  sessions,  as  well  as 
during  a  5-minute  resting  wake  baseline  (eyes  closed)  prior  to  and  after 
each  nap  period.  EEG  was  recorded  from  frontal  and  occipital  lobes. 

EOG  was  recorded  from  outer  canthi,  and  EMG  was  recorded  from  the 
submentalis  muscle.  Electrode  placement,  recording  parameters,  and 
sleep/wakefulness  stage  scoring  of  the  records  were  accomplished 
using  standardized  criteria  (Rechtschaffen  &  Kales,  1960).  These  meas¬ 
urements  permitted  assessment  of  a  wide  variety  of  nap  sleep  character¬ 
istics  including  sleep  onset  latency,  sleep  stage  proportions,  changes 
in  wake  alpha  activity,  and  sleep  length. 

(3)  Electrodermal  activity  and  heart  rate.  Electrodermal  activity 
was  recorded  from  the  palmar  surfaces  of  the  first  and  second  phalanges 
of  the  second  finger  of  each  hand,  while  heart  rate  (HR)  was  recorded 
from  the  wrists.  Recordings  occurred  during  the  laboratory  nap  periods, 
at  the  same  time  other  electrophysiological  measures  were  recorded. 
Electrodermal  activity  and  heart  rate  recordings  were  included  for  the 
purpose  of  providing  additional  information  on  nappor  vs.  non-napper 
differences  in  responsivity  to  stimulation  during  sleep.  Since  the  non- 
optimal  surroundings  nap  included  extraneous  acoustic  stimuli,  as  well 
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as  a  very  lou  akening  bell,  it  was  of  some  interest  to  address  the 
issue  of  activation  during  naps  in  an  alerting  environment. 


While  most  surveys  of  college  populations  reveal  napping  to  be 


a  prevalent  aspect  of  sleep/wakefulness  cycles  for  between  50%  and 
85%  of  young  adults  (Lawrence,  1971;  Webb,  1975;  White,  1975; 

Kunken,  1977),  few  attempts  have  been  made  to  further  delineate  other 
dimensions  of  napping  and  non-napping  behavior  in  this  population. 
Consequently,  our  surveys*  have  focused  on  the  frequency  of  napping, 
as  well  as  the  satisfaction  with  napping,  the  relationship  between  nap¬ 
ping  and  feeling  tired,  the  reasons  for  not  napping,  and  th'  consequences 
of  nappii.n  for  habitual  nappers  and  non-nappers. 

1 .  Nappers . 

Table  1  presents  the  distribution  of  napping  and  non-napping 
within  a  sample  of  956  young  adults.  The  data  are  further  subdivided 
to  reflect  the  proportion  of  individuals  who  fall  into  relatively  discrete 
categories,  based  upon  their  napping  frequency,  satisfaction,  and  gen¬ 
eral  sleep  characteristics.  Althcugh  reports  of  napping  "sometimes, 
usually,  or  always"  wer-'  qiven  by  55%  of  those  surveyed,  more  rigid 
criteria  lor  classification  as  a  qualified  napper  required  that  respondents 
indicate  they  nap  at  least  once  a  week,  find  it  generally  very  satisfying, 


*Tho  956  subjects  surveyed  in  the  current  study  were  solicited 
from  psychology  classes  at  the  University  of  Pennsylvania,  and  were 
paid  $3.00  for  completing  a  packet  of  questionnaires  that  included  the 
SSSP.  To  minimize  volunteer  bias,  every  effort  was  made  to  encourage 
subjects  to  agree  to  fill  out  the  questionnaires.  Of  the  students  present 
in  the  classes,  93%  volunteered,  by  paying  subjects  in  advance  it  was 
possible  to  obtain  completed  SSSPs  from  97%  of  all  volunteers. 
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TABLE  1 


N 

Percent 
of  total 
surveyed 

Total  Surveyed 

956 

100% 

Total  Nappers  1 

527 

55% 

Qualified  Nappers^ 

428 

(45%) 

Percent  of 
Qualified 

Nappers 

Replacement  Nappers^ 

318 

(33%) 

74% 

Appetitive  Nappers4 

110 

(12%) 

26% 

Total  Non-nappers  ^ 

429 

45% 

Percent  of 
Confirmed 
Non-nappers 

Confirmed  Non-nappers6 

37 

(  4%) 

9% 

Reject  Non-nappers7 

392 

(41%) 

91% 

1  includes  all  those  who  ratpondad  that  thay  nap  “somatimes,  usually,  or  always." 


2  Qualified  nappers  are  those  sub)ects  who  report  napping  at  least  once  a  week, 
find  naps  generally  vary  satisfying,  and  do  not  report  any  slaep  difficulties. 

3  Replacement  nappers  report  napping  only  when  they  feel  tired. 

*  Appetltlvo  nappers  report  napping  even  whon  they  do  not  feel  tired. 

5  includes  all  subiects  who  responded  that  they  nap  "rarely  or  never." 

®  Confirmed  non-nnppers  report  no  regular  napping  since  adolescence,  report 
finding  naps  generally  unpleasant,  and  report  napping  has  unpleasant  physical 
and/or  mental  aftereflects. 

7  Reject  non-nappcr«  wore  respondents  who  had  either  napped  regularly  during 
adulthood  (but  ware  not  now  napping)  and/or  did  not  find  napping  unpleasant. 


an.i  do  not.  report  any  sleep  difficulties  (nocturnaily  or  otherwise),  riven 
using  these  more  stringent  criteria,  a  high  proportion  --  45%  --  of  all 
snrvoye  i  s jbjects  qualified  as  nappers. 

These  428  qualified  nappers  were  subsequently  subdivided  Into 
two  napping  categories:  replacement  nappers  wore  those  318  respondents 


who  indicated  they  napped  only  when  they  felt  tired;  and  appetitive 


7  4  . 


nappers  wore  the  remaining  110  who  reported  napping  even  when  not 
tired.  This  division  separated  qualified  nappers  into  those  who  pre¬ 
sumably  napped  in  response  to  sleep  need  (replacement)  vs.  those  who 
presumably  napped  for  reasons  unrelated  to  sleep  need  (appetitively). 

Given  these  different  reasons  for  napping,  it  seemed  reasonable 
to  expect  that  appetitive  nappers  were  likely  to  nap  somewhat  mere  fre¬ 
quently  than  replacement  nappers.  We  examined  the  reported  frequency 
of  napping  in  our  qualified  nappers,  and  as  Figure  3  reveals,  replace- 
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ment  nappers  had  a  modal  nap  frequency  of  2  per  week  compared  to  ap¬ 
petitive  nuppors'  mode  of  4  per  week,  though  both  groups  showed  a 
relatively  oven  distribution  of  nap  frequency  between  1  and  5  times 
a  weak  , 

.  Non-nappors . 

Having  divided  nappers  along  reasons  for  napping,  we  then 
focused  on  the  429  (45%  of  all  respondents)  non-nappors'  reasons  for 


not  napping.  We  were  especially  interested  in  isolating  a  group  of 
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confirmed  non-nappers  who  avoided  napping  because  it  produced  un¬ 
pleasant  consequences  foi  them.  Classification  as  a  confirmed  non- 
napper  required  that  a  subject  report  no  regular  napping  since  childhood, 
indicate  that  naps  are  generally  very  unsatisfying,  and  report  that  naps 
produce  unpleasant  physical  and/or  mental  aftereffects.  These  criteria 
were  basically  the  converse  of  those  employed  for  qualified  nappers. 

As  Table  1  shows,  the  number  of  non-nappers  who  met  the  criteria,  how¬ 
ever,  was  a  considerably  smaller  proportion  of  subjects.  Four  percent 
of  all  those  surveyed  —  9%  of  all  non-nappers  —  were  classified  as 
confirmed  non-nappers.  The  remaining  392  non-nappers  were  considered 
reject  non-nappers. 

While  we  sought  to  study  confirmed  non-nappers  in  the  laboratory 
as  a  comparison  group  to  qualified  nappers  for  purposes  of  understanding 
the  various  consequences  of  napping,  it  also  seemed  important  to  examine 
the  reasons  reject  non-nappers  gave  for  not  napping,  since  they  consti¬ 
tuted  41'/,  of  the  population.  Our  survey  questionnaire  included  a  section 
that  allowed  non-nappers  to  check  their  major  reasons  for  not  napping. 

Ot  the  392  reject  non-nappers,  46%  listed  lack  of  time  as  the 
major  reason  for  not  napping,  2  5%  indicated  no  need  to  nap  (they  got 
enough  sleep),  15%  reported  they  would  not  be  able  to  fall  asleep,  and 
11%  felt  napping  produced  some  sort  of  unpleasant  result,  such  as  not 
being  able  to  fall  asleep  at  night.  Clearly,  the  majority  of  these  sub¬ 
jects  ---  65/6  of  all  non-nappers  —  report  lack  of  time  or  lack  of  sleep 
need  us  the  reasons  they  do  not  regularly  nap,  rather  than  inability  or 
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negative  consequences.  This  replicates  our  original  finding  (Evans  & 
Orne,  1975)  and  seems  to  suggest  that  if  time  were  available  and  there 
was  a  need  to  sleep,  these  reject  non-nappers  could  learn  to  nap  and 
derive  benefits  from  it. 

The  survey  data  appear  to  support  a  view  that  napping  is  not  only 
a  frequent  and  satisfying  aspect  of  sleep  schedules  for  approximately 
half  of  all  young  college  adults,  but  could,  if  time  and  circumstances 
permitted,  potentially  be  included  in  the  sleep  patterns  of  most  individ¬ 
uals.  While  the  number  of  persons  surveyed  in  this  study  was  consider¬ 
able,  it  is  nonetheless  striking  that,  the  group  percentages  reported  in 
Table  1  regarding  napper  and  non-napper  classifications  are  all  within 
5%  of  a  survey  we  conducted  5  years  ago  on  430  young  adults  (Evans  & 
Ome,  1975).  Thus,  the  proportion  and  distribution  of  napping  patterns 
appear  relatively  stable  within  this  population. 
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C.  Results  from  Napping  in  Optimal  and  Non-optlmal 
Environments  . 

1 .  Physiological  Antecedents ,  Concomitants ,  and  Consequences 
of  Napping. 

a.  Nappers1  and  non-nappers*  ability  to  nap.  Based  upon  surveys 
and  previous  laboratory  studies,  we  expected  that  nappers  would  have 
little  difficulty  falling  asleep  during  the  DAY  2  afternoon  laboratory  nap 
in  the  sleep-conducive  environment,  while  some  non-nappers  would  be 
unable  to  sleep.  Indeed,  the  DAY  2  predictions  wore  correct:  four  non- 
nappers,  one  replacement  napper,  and  one  appetitive  napper  did  not 
sleep  in  the  optimal  environment.*  When  these  DAY  2  proportions  are 
combined  with  our  earlier  study,  it  is  clear  that  more  than  93%  (40/43) 
of  nappers  are  able  to  fall  asleep  in  an  optimal  environment  compared 
to  67%  (14/21)  of  confirmed  non-nappers  (£<.02). 

Since  the  DAY  3  alerting  environment  presented  a  greater  challenge 
in  terms  of  sleep  inhibitors,  and  since  subjects  were  not  purposively 
sloop-deprived  the  night  prior  to  the  laboratory  naps,  we  expected  that 
few  of  the  9  non-nappers,  some  of  the  11  replacement  nappers,  and  most 
of  the  Li  appetitive  nappers  would  be  able  to  nap  on  DAY  3  —  although 
as  wo  noted  earlier,  nappers*  increased  control  over  sleep  would  predict 
that  proportionally  more  nappers  than  non-nappers  would  be  able  to  nap 
in  the  alerting  environment.  Overall,  fewer  subjects  were  expected,  to 
sleep  in  the  non-optimal  environment  of  DAY  3. 


*Sleep  was  arbitrarily  defined  as  at  least  3  consecutive  minutes 
of  stages  2,  3,  or  4  sleep. 
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Surprisingly,  as  many  subjects  napped  on  DAY  3  as  DAY  2, 

Contrary  to  what  we  predicted,  only  two  individuals  from  each  of  the 
three  groups  were  not  able  to  nap  in  the  alerting  environment  of  DAY  3. 
Specifically,  more  non-nappers  and  replacement  nappers  napped  than 
expected.  While  the  nappers'  ability  to  nap  in  the  sleep-hostile  sur¬ 
roundings  might  be  indicative  of  their  control  of  sleep  onset  during  the 
day,  the  finding  that  7  non-nappers  slept  on  DAY  3  is  especially  diffi¬ 
cult  to  understand  since  only  5  of  them  napped  in  the  optimal  DAY  2 
environment.  Since  we  were  surprised  to  find  that  so  many  subjects 
napped  on  DAY  3,  we  sought  to  understand  the  conditions  that  contributed 
to  this  particularly  among  non-nappers. 

Throo  possible  factors  could  have  accounted  for  this.  First  of 
all,  the  DAY  3  alerting  environment  may  not  have  been  sleep-hostile 
enough.  This  seems  unlikely,  given  the  radically  different  body  position, 
lighting,  and  noise  levels  of  the  two  nap  days,  and  the  fact  that  while 
two  additional  non-nappers  napped  ori  DAY  3  (vs,  DAY  2),  two  fewer 
nappers  napped  on  DAY  3.  Moreover,  on  a  questionnaire  we  developed 
called  the  Preference  for  Background  Sounds  or  Silence  (PBSS;  see 
Appendix  111),  non-nappers  scored  significantly  .lower  than  both  napper 
groups  (£<.05),.  indicating  less  tolerance  to  background  sounds.  Thus, 
it  is  difficult  to  argue  that  the  frequont  extraneous  noises  throughout 
DAY  3  coupled  with  the  other  distractors  were  not  sufficient  to  create 
an  environment  that  confirmed  non-nappers  should  have  found  totally 
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Another  explanation  for  non-nappers'  sleep  on  DAY  3  concerns 
the  effects  of  laboratory  adaptation  on  the  ability  to  nap.  Since  DAY  3 
always  followed  DAY  2 ,  non-nappers  may  have  been  more  likely  to  nap 
on  DAY  3,  since  DAY  2  acclimated  them  to  the  procedures  of  the  naps. 

This  view  predicts  that  the  6  subjects  who  did  not  nap  on  DAY  2  should 
nap  on  DAY  3.  yet  only  2  did  so,  and  2  other  subjects  did  the  reverse, 
that  is,  napped  on  DAY  2,  but  not  DAY  3  .  While  the  adaptation  expla¬ 
nation  of  the  DAY  3  napping  cannot  be  fully  discounted,  some  other 
dimension  must  have  been  involved  that  was  capable  of  increasing 
the  non-nappers'  likelihood  of  sleep  on  DAY  3. 

Analyses  of  sleep  diary  data  for  nocturnal  sleep  duration  the 
nights  immediately  before  nap  DAYS  2  and  3  provided  a  third  alternative 
to  explain  non-nappers'  increased  DAY  3  napping  tendency.  Within 
each  nappor  group  the  average  amount  of  sleep  the  night  before  DAY  2 
was  not  significantly  different  from  the  sleep  duration  the  night  before 
DAY  3,  However,  non-nappers*  pre-DAY  3  nocturnal  sleep  duration 
(X  ”  38  0  minutes)  was  significantly  shorter  than  their  pre-DAY  2  nocturnal 
sleep  (X  --  230  minutes,  £<.02,  two-tailed). 

While  tho  DAY  2  value  was  very  close  to  their  average  nocturnal 
sleep  (X  =  110  minutes)  during  the  30-day  diary,  non-nappers*  duration 
of  nlo-op  the  night  before  tho  r.op  in  the  sleep-hostile  DAY  3  environment 
was  nearly  an  hour  and  a  half  shorter  than  usual  --  as  a  result  of  non- 
nappe's  failing  asleep  significantly  later  that  night  com  na  red  t.o  their 
usual  time  13:40  a.  m.  vs.  2:0-1  a .  m . ;  £<  .  05) . 


It  is  noteworthy  that  subjects  were  told  in  advance  that  they 
were  going  to  be  asked  to  nap  a  second  time  in  a  dormitory-like  environ¬ 
ment  (some  sounds,  light,  and  a  chair),  and  were  also  requested  to 
maintain  their  normal  sleep  schedules  the  night  before  the  laboratory 
naps,  Non-nappers  appear  to  have  suspected  that  they  would  have 
difficulty  napping  with  extraneous  sounds  —  as  indicated  by  their 
PBSS  questionnaire  responses  —  without  the  added  impetus  of  addition¬ 
al  sleep  need.  Consequently,  they  may  have  complied  with  the  demands 
of  napping  in  the  sleep-hostile  environment  of  DAY  3  by  increasing  the 
likelihood  of  napping  through  partial  sleep  loss  the  night  before. 

In  some  respects,  replacement  nappers'  nocturnal  sleep  before 
both  laboratory  nap  DAYS  2  and  3  was  similar  to  this  non-napper  DAY  3 
situation.  Replacement  nappers  had  nocturnal  sleep  lengths  before 
DAYS  2  and  3  that  were  close  to  what  they  averaged  for  diary  nights 
before  nap  days  at  home,  but  significantly  below  what  they  averaged 
on  nights  before  non-nap  days  at  home.  Appetitive  nappors,  on  the 
other  hand,  had  no  significant  differences  in  nighttime  sleep  durations 
the  nights  before  laboratory  naps,  naps  at  homo,  and  non-nap  days. 

The  details  and  implications  of  these  data  for  understanding  differences 
in  the  functions  served  by  napping  in  replacement  and  appetitive  nap¬ 
pers  will  be  presented  in  a  later  section. 

b.  Nap  sleep  infrastructure  in  nappers  and  non-nappers.  The 
fact  that  the  majority  of  subjects  in  each  group  napped  on  both  DAYS  2 
and  3  permitted  extensive  analyses  of  nap  sleep  infrastructure  between 
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groups  within  a  nap  day,  as  well  as  between  nap  days  within  groups. 
While  a  number  of  aspects  of  nap  sleep  staging  and  cycling  were  meas¬ 
ured,  only  those  findings  that  were  clearly  significant  for  a  variety  of 
measurements  on  a  given  dimension  will  be  presented.  Results  that 
replicate  or  fail  to  replicate  our  earlier  studies  are  noted,  in  an  effort 
to  focus  on  the  most  reliable  differences. 

(1)  Sleep  onset.  Our  earlier  work  had  found  that  confirmed  non- 
nappers  took  longer  to  fall  asleep  during  an  afternoon  nap  in  a  sleep- 
conducive  environment  than  either  replacement  or  appetitive  nappors  .  * 
While  the  original  finding  was  significant  for  both  stage  1  and  stage  2 
definitions  of  sleep  onset,  neither  measure  replicated  the  result  in  the 
current  study.  Among  the  subjects  who  slept  on  DAY  2,  non-nappors  fell 
asleep  as  quickly  as  nappers,  and  among  those  subjects  in  each  group 
who  napped  on  both  DAYS  2  and  3,  sleep  onset  was  not  significantly 
different  between  DAYS  2  and  3.  Thus,  while  fewer  non-nappers  are 
able  to  f  ill  asleep  during  an  afternoon  nap,  those  that  do  appear  to  be 
able  to  fall  asleep  as  rapidly  as  habitual  nappers. 

Since  the  currant  study  asked  subjects  to  take  their  first  labora¬ 
tory  nap  after  an  initial  day  of  laboratory  acclimation,  and  the  earlier 
work  required  napping  on  the  very  first  visit  to  the  laboratory,  it  is  likely 
that  the  sleep  onset  differences  found  in  the  earlier  study  were  the  result 

*Theso  analyses  included  only  those  subjects  who  actually 
napped,  since  averaging  in  those  individuals  who  did  not  sloop  during 
the  1-hour  nap  (sleep  onset  =  60  minutes)  would  misrepresent  the  actual 
sleep  latency  of  non-nappers. 


of  poorer  laboratory  adaptation  by  non-nappers ,  or  their  greater  anxiety 
over  being  asked  to  nap  shortly  after  coming  to  the  laboratory. 

(2)  Total  sleep  time  and  sleep  efficiency.  The  nap  periods  pro¬ 
vided  subjects  in  the  current  study  as  well  as  in  the  earlier  investigation 
were  60  minutes  in  duration,  though  subjects  were  not  told  how  long  they 
would  have  to  nap.  Despite  the  differences  in  sleep  onset  latency  be¬ 
tween  nappers  and  non-nappers  in  the  early  study,  the  total  sleep  time 
(TST)  from  any  definition  of  sleep  onset  did  not  vary  significantly  as  a 
function  of  group  in  either  the  earlier  or  current  study. 

Physiological  sleep  efficiency  (Total  Sleep  Time  [TST]  divided 
by  total  bed  time,  i.e.,  60  minutes),  however,  was  significantly  lower 
for  non-nappers  in  the  earlier  study  —  as  a  result  of  their  longer  sleep 
onset  latencies  —  but  did  not  replicate  for  subjects  who  slept  on  either 
DAYS  2  or  3  of  the  current  investigation.  Moreover,  sleep  efficiency 
was  not  significantly  different  on  DAY  3  compared  to  DAY  2  for  nappers 
and  non-nappers  who  slept.  Thus,  for  all  subjects  combined,  sleep 
efficiency  (from  stage  2  onset)  averaged  68%  on  DAY  2  and  64%  on  DAY  3, 
compared  to  a  slightly  lower  58%  in  the  earlier  study. 

Physiological  sleep  maintenance  efficiency  (TST/timo  in  bed  after 
first  sleep  onset)  was  higher  for  non-nappers  in  the  earlier  study  but  did 
not  replicate  on  either  nap  day  of  the  present  study.  For  all  non-nappers  and 
nappers  <’>mbined,  maintenance  efficiency  averaged  85%  in  the  earlier  studs', 
hike  sleep  efficiency,  maintenance  efficiency  was  not  affected  by  the  DAY  3 
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environment,  though  this  does  not  mean  DAY  3  did  not  have  effects  on 
specific  sleep  stages. 

(3)  Sleep  stages.  Among  the  more  intriguing  differences  found 
in  our  earlier  work  were  the  nap  sleep  infrastructure  differences  observed 
between  nappers  and  non-nappers  during  naps  in  a  sleep-conducive 
environment.  Specifically,  appetitive  nappers  appeared  to  have  signifi¬ 
cantly  higher  amounts  of  stage  1  sleep  during  their  nap  than  either  re¬ 
placement  nappers  or  confirmed  non-nappers.  Given  the  nature  of  these 
differences,  and  the  increasing  amount  of  sleep  literature  suggesting 
specific  stages  of  sleep  are  not  reliably  related  to  waking  function,  we 
thought  it  prudent  to  attempt  to  replicate  these  stage  1  differences,  as 
well  as  thoroughly  re-examine  our  earlier  data  for  clues  regarding  the 
nature  of  the  stage  1  differences.  DAY  2  of  the  current  study  provided 
the  sleep-conducive  environment,  and  additional  scoring  of  some  of  the 
earlier  data  allowed  an  extensive  comparison  between  the  studios. 

Table  2  summarizes  the  major  nap  sleep  infrastructure  compari¬ 
sons  between  groups  in  both  studies.  The  column  on  the  right  indicates 
which  differences  were  statistically  significant  (in  the  same  direction) 
in  both  studies,  and  consequently,  presents  the  replicated  findings. 
While  it  is  clear  that  significant  differences  were  found  in  each  study 
that  wore  not  replicated  in  the  other,  the  stage  1  sleep  difference  be¬ 
tween  appetitive  nappers  and  non-nappers  did,  clearly,  replicate.  This 
was  the  case  for  total  minutes  of  stage  1  sleep,  minutes  of  stages  1+2 
sleep,  and  number  of  30-second  stage  1  sleep  epochs.  In  addition,  the 
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TABLE  2 


Mean  valuta  o(  nap  ilaap  Infrastructure  peremeters  for  two  atudla*  of  appanttva  nappart  (A), 
replacement  nappari  (R),  and  confirmed  non-nappart  (N)  who  alopt  during  >Q-minute  afternoon 
nap  periods  in  alaep-conduclve  anvtronmanta. 


Earlier  study _ 

_ DAY  2  of  current 

Itudy.. 

A 

R 

N 

1-tMt 

A 

R 

N 

t-tett 

dlfforenco 

Nap  parameter  n  « 

It 

9 

9 

results1 

to 

10 

5 

results1 

replicated 

Stage  2  sleep  oust  (mint) 

11.  S 

11.6 

25.4 

N>R,A 

11.1 

11.9 

12.9 

Mins,  of  stage  1  sleep3 

8.1 

4.4 

3.4 

A>R.N 

13.5 

10.0 

6.5 

A>N 

A  >  N 

Mins,  of  stage  2  sleep 

15.6 

16.6’ 

16. H 

14.3 

20.0 

10. N 

R>A,N 

Mins,  oi  stages  1+2  sleep 

24.9 

23.0 

19.9 

A>N 

27.6 

30.0 

19.3 

A,R>N 

A  >  N 

Mins,  of  stages  2+4  sleep 

16.0 

19.0 

13.1 

22.1 

16.9 

27,2 

N>H 

Mins,  of  REM  sleep 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Total  Sloop  Tlmo  (TST)3 

32.2 

38.0 

10.0 

40,6 

41. R 

41.6 

4  stage  1  epochs  (10-sec) 

5.7 

2.6 

2.2 

A>R,  N 

H.7 

7.6 

S.6 

A>N 

A  >  N 

*  awakenings  after  1  onset 

7.7 

2.7 

2.4 

A>K,N 

5.6 

4.0 

4.2 

4  stage  changes  (30-sec)4 

11.4 

7.3 

6.2 

A>R,  N 

16.6 

16.0 

11,6 

A,R>N 

A  >  N 

‘  DUISronres  significant  at  £<.10  (2 -tailed)  oi  lata  ara  reported. 


2  Thn  includes  stage  1  prior  to  Itaga  2  sleep  onset. 

3  Measured  from  stage  2  onset. 

4  In  the  earlier  study  no  distinction  was  made  botween  atagaa  3  and  4  sleep,  while  In  the  current  study 
thm  parameter  IncUidod  stages  1  and  4  fluctuntlons  ns  well. 


total  number  of  30-socond  stage  changes  after  sleep  onset  was  greater 
for  appetitive  nappors  relative  to  non-nappers.  These  brief  stage  fluc¬ 
tuations  accompany  the  increased  light  sleep  of  appetitive  nappors,  and 
may  actually  produce  increased  stage  1  in  this  group.*  Highly  consoli¬ 
dated  sloop,  like  that  of  the  non-nappers,  would  less  often  fluctuate  to 
lighter  sleep  stages,  and  thus  yield  less  light  sleep. 

Though  replacement  nappers1  stage  1  values  fell  in  between  that 
oi  appetitive  nappors  and  non-nappers  in  both  studies,  their  values  were 
more  similar  to  that  of  appetitive  nappers  in  the  present  study,  and  to  that 
of  non-nappers  in  the  earlier  work.  Thus,  replacement  nappers*  sleep 


*  Consistent  with  extensive  literature,  REM  sleep  was  absent  in 
these  aftornoon  naps  under  60-minute  duration. 


infrastructure  can  vary  considerably  in  the  degree  to  which  it  is  con¬ 
solidated,  and  the  amount  of  light  sleep.  Appetitive  nappers  and  non- 
nappers  appear  to  show  somewhat  more  characteristic  patterns,  at  least 
for  nap  sleep  in  an  optimal  environment. 

Nap  sleep  staging  in  a  less  sleep-conducive  environment  appears 
to  have  affects  quite  independent  of  group  differences  in  sleep  staging 
in  a  dark,  quiet  nap  environment.  Table  3  displays  the  results  of  sleep 
stage  comparisons  between  groups,  across  nap  DAYS  2  and  3  (includes 
only  subjects  who  slept  on  both  DAYS  2  and  3).  The  analysis  of  variance 


TABLE  3 

Moan  minutes  of  nap  ilaap  stags  Infrastructure  paramatarf  tor  9  appetitive 
nappara  (A),  9  raplacamant  nappari  (R),  and  5  confirmed  non-nappari  (N) 
who  slept  during  60-mlnuta  afternoon  nap  porlodt  on  DAY  2  (sloop-conducive 
•nvlronmant)  and  DAY  3  (alirttng  environment). 


DAYS1 


Nap  paramatar 

Group 

DAY  7 

DAYS 

Fl,20 

a< 

A 

11,7 

9.7 

Sloop  onsot  (stage  2) 

R 

12.2 

12.2 

0.12 

ns 

N 

12.9 

12.8 

A 

12.1 

13.6 

Stags  1  sloop  (total) 

R 

10.1 

13.1 

10.02 

.105 

N 

8.5 

14.8 

A 

14.2 

15.7 

Stags  2  sloop 

R 

19.0 

20.6 

3.12 

ns 

N 

10.8 

18.3 

A 

5.6 

5.6 

Stags  3  sloop 

R 

6.3 

5.7 

0.27 

ns 

N 

6.7 

6.1 

A 

15.7 

10.2 

Stags  4  sloop 

R 

11.6 

8.9 

9.65 

.01 

N 

21.8 

8.5 

A 

39.6 

37.4 

Total  sloop  timo  from 

R 

41.8 

40.4 

1.16 

ns 

stags  2  onsot 

N 

41.6 

37.3 

1  Thla  1*  the  £  for  tha  main  affaet  within  groups  (from  nap  DAY  2  to  3). 
No  main  offset  botwson  groups  ,  nor  group  by  day  tntaractlon  on  thus# 
paramatsrs  was  significant  (p<  .OS), 
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(ANOVA)  F  values  are  pre t  anted  for  the  main  effect  of  nap  DAYS  on  each 
parameter,  since  these  were  the  only  significant  effects.* 

Examination  of  Table  3  reveals  that  while  there  were  no  signi¬ 
ficant  differences  across  nap  DAYS  2  and  3  in  sleep  onset  or  TST,  sieep 
staging  was  definitely  affected.  The  alerting  environment  of  DAY  3 
produced  significantly  less  stage  4  sleep  (£<.01),  and  reciprocally 
more  stage  1  sleep  (£<.005)  than  DAY  2,  indicating  that  changing  the 
nap  environment  from  one  that  was  highly  sleep-conducive  to  one  that 
was  less  conducive  resulted  in  some  deep  sleep  being  exchanged  for 
light  sleep.  Overall  subjects  averaged  approximately  15%  less  stage 
4  sleep  and  10-15%  more  stage  1  sleep  on  DAY  3  compared  to  DAY  2 , 
with  non-nappers  exchanging  the  most,  that  is,  30%  of  TST  going  from 
stages  4  to  1  (across  DAYS).** 


*To  ensure  that  the  ANOVA  results  were  not  obscuring  important 
changes  from  DAY  2  to  3  for  a  specific  group,  we  examined  DAY  2  to  3 
differences  within  each  group  using _t-tests  for  paired  comparisons. 

These  comparisons  fully  support  the  main  effects  reported  in  Table  3, 
and  do  not  suggest  any  differential  effects  on  groups. 

**As  Table  3  reveals,  the  5  non-nappers  who  slept  had  the  greatest 
amount  of  stage  4  sleep  on  DAY  2,  and  the  smallest  amount  on  DAY  3. 
Conversely,  they  also  had  the  least  amount  of  stage  1  sleep  on  DAY  2, 
and  the  greatest  amount  on  DAY  3.  Despite  the  greater  exchango  by 
this  group,  no  interaction  was  significant.  However,  when  stages  1 
and  2  uro  combined  as  a  percent  of  TST,  and  compared  to  the  percent¬ 
age  for  stages  3  and  4  combined,  an  interaction  term  (groups  by  DAYS) 
approaches  significance  (£2,20  ■  2.70,  £<.10),  as  a  result  of  non- 
nappers1  nap  sleep  staging  changing  more  than  the  napper  groups. 

The  fact  that  DAY  3  affected  non-nappers'  sleep  staging  somewhat  more 
than  nappers'  is  congruent  with  non-nappers'  PBSS  scores,  which  indi¬ 
cated  they  were  more  likely  to  be  disturbed  by  extraneous  noises  than 
nappers. 
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These  sleep  stage  results  are  remarkably  close  to  the  findings 
of  a  recently  published  Japanese  study  of  daytime  naps  in  a  bed  com¬ 
pared  to  naps  in  a  chair  (Ichihara,  Miyasita,  Inugami,  Yatabe,  Niimi, 
Ishihara,  &  Miyauchi,  1979).  They  examined  sleep  during  the  first 
60  minutes  of  2-hour  naps  in  the  morning  (1000),  afternoon  (1300),  and 
evening  (1700),  and  found  that  naps  in  a  chair  significantly  reduced  the 
amounts  of  stage  4  and  stage  REM  sleep,  and  increased  the  proportions 
of  stage  1  and  wakefulness.  Their  afternoon  and  evening  nap  data 
showed  a  12-15%  drop  in  stage  3+4  sleep,  and  an  increase  of  11-18% 
in  stage  1  sleep  for  naps  in  a  chair  relative  to  naps  in  a  bed.  These 
exchange  percentages  are  very  near  to  the  10-15%  values  we  found,  *and 
thus  the  two  studios  taken  together  leave  little  doubt  that  ovon  subtle 
changos  in  the  sleep-conduciveness  of  the  nap  environment  can  have 
demonstrable  effects  on  sleep  stage  proportions.  What  causes  theso 
stage  changos,  and  their  relationship  to  subjective  and  behavioral  con¬ 
sequences  of  napping  are  issues  highly  relevant  to  understanding  the 
effects  of  napping  under  less  than  optimal  environmental  circumstances. 

(1)  Stage  lability.  The  effect  of  the  DAY  3  sleep-hostile  environ¬ 
ment  on  sloop  staging  suggested  a  more  detailed  look  at  sleep  stage 
fluctuations  during  the  naps  might  clarify  the  manner  in  which  stage  4 
sleep  was  being  exchanged  for  stage  1  sleep.  Since  the  DAY  2  betweon- 
group  data  showed  that  stage  1  increases  during  naps  tend  to  be  accom¬ 
panied  1  y  increases  in  stage  changos,  detailed  analyses  of  stage  lability 
during  the  naps  were  carried  out. 
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The  results  of  those  analyses  are  presented  in  Table  4.  The 


dependent  variables  listed  in  the  Table  are  the  number  of  stage  1  epochs , 


TABLE  4 

MMn  nap  alaap  lability  paramatara  (or,*  appatitlva  nappara  (A). 

•  raplacament  nappora  (A) ,  and  S  confirm  ad  non-nappara  (N)  who 
alopt  during  40-mlnuta  aftamoon  nap  parioda  on  DAY!  *  and  3. 

DAYS  l 


Nap  paramatar  group 

DAY  2 

DAY  3 

ri,20 

a< 

Numbar  of  ataga  t  alaap 
apocha  (30-aac) 

A 

It 

N 

1.2 

7.1 

5.1 

10.4 

*.l 

11.0 

12.47 

.00$ 

Numbar  of  awakanlnga  (IS-aue)2 
altar  ataga  1  alaap  on  tat 

A 

R 

N 

1.1 

3.7 

4.3 

7.4 

4.3 

1.4 

1.7$ 

.01 

altar  ataga  2  alaap  onaat 

A 

R 

N 

1.4 

1.4. 

1.4 

2.1 

3.4 

3.2 

$.11 

.02$ 

Numbar  of  awakanlnga  (4S-aae) 
altar  ataga  1  alaap  onaat 

A 

R 

N 

1.3 

1.0 

0.1 

1.3 

1.0 

0.1 

0.00 

nt 

Numbar  o(  JO-aac  ataga  changaa1 

A 

R 

N 

11.4 

17.7 

11.4 

21.0 
It. 7 

20.4 

$.37 

.0$ 

Numbar  o(  CO-aao  ataga  ehangat3 

A 

R 

N 

1.0 

1.9 

7.4 

t.4 

*.0 

7.1 

0.01 

na 

1  Thla  la  lha  £  lor  tha  main  alia'*  within  groupa  (DAY  2  to  DAY  )).  No  main 
alfact  batwaan  groupa .  nor  grviup  by  day  tntaraotlon  on  thaaa  paramatara 
waa  atgnlftcant  (g<.0$). 

’  Thla  includaa  all  awakanlnga  (datamlnad  by  EEC  erttaria)  of  It  aaoondt 
duration  or  longar. 

3  ctcoludaa  lluctuatlona  batwaan  atagaa  3  and  4  alaap. 


the  nuim.nr  oi  awakenings  of  various  minimum  lengths,  and  the  nurnbor  of 
stage  changes  throughout  the  60-minute  nap  periods.  As  with  tho  rosults 
prosontod  in  Tablo  3,  Table  4  only  displays  the  ANOVA  £  values  for  tho 
main  effect  of  nap  DAYS,  since  both  botwoon-groups  effects  and  Inter¬ 
actions  worn  nonsignificant  for  all  lability  measures. 

Tho  first  offect  reported  in  Tablo  4  is  that  tho  number  of  stage  1  sloop 
epochs  of  30  seconds  duration  (or  longer)  is  significantly  increased  on 
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DAY  3  relative  to  DAY  2  (js<  .005).  This  is  yet  another  way  to  document 
the  DAY  3  stage  1  increase.  However,  this  measure  emphasises  that  the 
stage  1  increment  is  not  merely  the  result  of  one  particularly  long  period 
of  stage  1  sleep  on  DAY  3,  but  rather,  the  product  of  an  increase  in  the 
number  of  relatively  brief  stage  1  episodes .  This  increase  in  transient 
light  sleep  epochs  is  associated  with  significantly  more  brief  fluctuations 
to  wakefulness  (indexed  by  the  appearance  of  EEG  alpha)  following  both 
stago  1  sloop  onset  (£<.01)  and  the  more  rigorous  stage  2  onset  (£<.025) 
criterion.  Examination  of  individual  records  indicated  that  the  fluctuations 
to  transient  wakefulness  tended  to  precede  the  stage  1  epochs,  rather 
than  the  converse. 

If,  howevor,  stage  1  increases  wero  resulting  from  incroasod 
wakefulness,  then  overall  tnere  should  have  been  significantly  moro 
wakofulnass  on  DAY  3,  and  less  TST.  Yet  this  was  cloarly  not  the  case. 

Thu  fluctuations  to  transient  wakefulness  had  to  therefore  be  extremely 
short  to  not  incroaso  tha  proportion  of  wakefulness  overall.  Indeed,  as 
Table  4  shows,  when  the  number  of  awakenings  of  45  seconds  duration 
or  longer  are  counted,  there  was  no  longer  an  effect  of  nap  DAYS.  Total 
number  of  stage  fluctuations  shows  the  same  relationship  aH  a  function 
of  epoch  length.  Stage  lability  is  significantly  highor  on  DAY  3  when 
30-anoond  stago  changos  are  tabulated  (£<.05),  but  when  the  minimum 
length  criterion  is  axtendod  to  1-minuto  stage  changos,  the  effect  vanishes. 

It  appears,  therefore,  that  the  loss  of  some  stage  4  sloop  and 
concomitant  Increase  In  stage  1  sleep  during  naps  in  the  alerting 


90 


environment  of  DAY  3  is  a  direct  consequence  of  increased  stage  labil¬ 
ity  —  specifically,  very  transient  fluctuations  from  deeper  sleep  to 
wakefulness  and  light  sleep.  We  sought  to  determine  if  a  particular 
characteristic  of  the  DAY  3  alerting  environment  might  have  produced 
the  increased  stage  lability.  Certainly  the  Ichihara  et  al.  (1979)  study 
would  suggest  the  DAY  3  chair  vs.  the  DAY  2  bed  might  have  been  suffi¬ 
cient  to  account  for  the  results.  However,  the  PBSS  and  data  from  studies 
on  the  effects  of  varying  sound  on  nocturnal  sleep  (e.g.,  Cantrell,  1974; 
Thiossen,  1978)  suggest  that  the  extraneous  sounds  of  DAY  3  also  con¬ 
tributed  to  the  changed  nap  sleep  infrastructure. 

While  the  study  was  not  designed  to  specifically  tost  the  offect 
of  any  one  environmental  parameter  on  nap  sleep,  it  was  possible  to 
determine  the  extont  to  which  the  DAY  3  extraneous  sounds  affected 
sleep,  since  those  were  recorded  on  the  polygraph  paper  as  they  occurred. 
Though  the  noises  were  not  particularly  loud  (40  dB  to  62  dB  spl),  they 
were  audible  and  fairly  frequent,  and  sleep  stage  fluctuations  did  follow 
their  occurrence.  However,  thero  was  no  significant  pattern  of  stage 
lability  associated  exclusively  with  the  extraneous  sounds  of  DAY  3. 

This  was  the  case  for  all  throa  groups.  Thus,  it  seems  likely  that  the 
nap  sloop  infrastructure  differences  observed  between  DAYS  2  and  3  wore 
produced  by  tho  combination  of  noise,  light,  and  the  chair. 

Anothor  possible  interpretation  of  the  nap  day  differences  would 
be  that  they  rofloct  adaptation  to  tho  laboratory,  particularly  to  slooping 
in  tho  laboratory,  and  are  therefore  due  to  a  first  nap  effect  analogous 
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to  tho  "first  night  effect"  observed  for  repeated  nocturnal  sleep  recordings 
in  the  laboratory.  Agnew,  Webb,  and  Williams  (1966)  describe  adaptation 
effects  (on  nocturnal  sleep)  in  the  second  and  later  laboratory  periods  as 
(1)  less  wakefulness  and  less  stage  1  time,  (2)  an  earlier  onset  of  stage 
4  sleep,  and  (3)  fewer  stage  changes.  Lawrence  (1971)  described  simi¬ 
lar  effects  for  repeated  laboratory  naps.  The  effects  we  observed,  hovr- 
evor,  were  significant  in  the  direction  opposite  of  laboratory  adaptation 
effects.  We  found  more  stage  1  sleep  on  DAY  3  (the  second  nap  day) 
than  DAY  2,  and  more  stage  changes  on  DAY  3.  Since  we  deliberately 
designed  the  study  so  that  laboratory  adaptation  effects  would  work 
against  tho  experimental  hypotheses,  these  findings  are  especially 
compelling. 

Fii'tfii.'  it  is  relevant  to  note  that  though  the  DAY  3  nap  period 
onset  time  (3:50  p.m.)  was  significantly  earlier  than  the  DAY  2  nap  period 
onset  timo  (4:20  p.m.)  (£i(20  “  6.85,  £<.025),  tho  difference  averaged 
only  30  minutes,  *  which  is  not  nearly  enough  time  to  account  for  DAYS 
effects  by  suggesting  circadian  variations  in  sleep  stage  proportions. 
Similarly,  the  amount  of  prior  wakefulness  before  the  laboratory  naps 
was  not  significantly  different  within  or  between  groups  across  DAYS 
2  and  3. 


*DAY  3  was  scheduled  to  begin  at  the  same  time  as  DAY  2  to 
provant  circadian  factors  from  influencing  nap  sleep;  however,  be¬ 
cause  the  pro-nap  procedures  of  DAY  3  were  shorter  than  DAY  2,  a 
30-minute  significant  difference  in  time  of  nap  period  onset  betwoon 
the  two  days  occurred. 
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c.  Other  physiological  results . 

(1)  EEG  aloha  activity.  In  our  earlier  study  (Evans  &  Ome, 

1975)  we  noted  that  non-nappers  had  less  EEG  alpha  activity  (8-12  Hz) 
than  nappers  during  the  5-minute  waiting  baselines  immediately  prior 
to  and  15  minutes  following  a  nap  in  a  sleep-conducive  environment. 

Since  we  recorded  alpha  percentage  and  frequency  during  waking  base¬ 
lines  before  and  after  nap  DAYS  2  and  3  of  the  current  study,  we  were  able 
to  compare  groups  again,  as  well  as  the  effect  of  nap  DAYS. 

Nappers  and  non-nappers  did  not  differ  significantly  in  the  current 
study  in  either  alpha  percentage  (group  means  ranged  from  40%  to  60%) 
or  frequency  (9.5  Hz  to  10.5  Hz).  Immediately  prior  to  the  DAY  2  nap, 
all  groups  (those  subjects  who  slept  on  DAYS  2  and  3)  had  significantly 
less  alpha  percentage  than  immediately  after  the  DAY  2  nap  (F^  22*1 5  * 3 1  * 
£<  .001),  and  less  alpha  than  immediately  before  their  DAY  3  nap 
(£l  ,20*9  *35 '  £<  .01).  Alpha  percentage  increased  from  before  the  DAY  3 
nap  to  after  the  DAY  3  nap  (Zi#22*^'^®'  £<*05),  but  the  change  was  less 
robust  than  on  DAY  2  . 

The  lower  alpha  percentage  prior  to  the  nap  periods  of  DAYS  2  and 
3 ,  particularly  prior  to  DAY  2 ,  was  likely  the  result  of  increased  drowsi¬ 
ness  prior  to  the  nap  (see  Paskewitz  &  Orne,  1972).  Nevertheless,  since 
the  DAY  2  alpha  baselines  were  taken  while  the  subject  was  lying  in  the 
bed,  in  the  dark,  quiet  room,  it  is  not  surprising  that  the  DAY  2  pre-nap 
baseline  had  the  least  alpha,  since  it  was  probably  the  period  of  greatest 
drowsiness  for  all  subjects,  especially  those  who  subsequently  slept. 


While  it  might  be  tempting  to  conclude  that  the  naps  served  to 
increase  the  percentage  of  alpha  in  the  wake  EEG,  the  greater  drowsiness 
before  the  naps  compared  to  after  is  a  more  parsimonious  explanation  for 
alpha  increases  across  the  naps.  This  is  supported  by  the  fact  that  the 
4  non-nappers  who  did  not  fall  asleep  on  DAY  2  also  averaged  significantly 
less  alpha  before  the  nap  period  than  after  the  nap  period  (£=2.62,  £<  .05). 
Clearly,  it  could  not  have  been  sleep  per  se  that  Increased  their  alpha 
percentage . 

Unlike  alpha  percentage,  alpha  frequency  did  not  change  signifi¬ 
cantly  from  pre-nap  to  post-nap  for  subjects  who  slept  on  either  nap 
DAY  2  or  3  .  However,  all  groups  did  have  significantly  lower  alpha  fre¬ 
quency  on  DAY  3  relative  to  DAY  2  pre-nap  (F^  2o=10  *52  •  £<  .005)  and 

it 

post-nap  (iFj  2o=!lo*^1<  £<.005)  baseline.  Though  subjects  who  slept 
had  no  significant  change  in  alpha  frequency  across  the  naps,  non-nappers 
who  did  not  sleep  on  DAY  2  had  a  significant  drop  in  alpha  frequency  from 
pre-  to  post-nap  period  on  DAY  2  (t=4.97,  £<.02,  two-tailed). 

If  increased  EEC  frequency  following  naps  is  assumed  to  be  indica¬ 
tive  of  increased  physiological  activation,  as  Taub  (1977)  and  others  have 
suggested,  then  non-nappers  who  were  unable  to  sleep  on  Day  2  were 
significantly  less  activated  by  EEG  criteria  after  the  DAY  2  nap  period  rela¬ 
tive  to  before  it.  Similarly,  subjects  were  generally  less  activated  by 

♦Wilcoxon  matched-pairs  signed-ranks  tests  confirmed  these 
DAY  2  versus  DAY  3  EEG  frequency  differences,  though  the  effect  appeared 
less  robust  non  para  metric  ally  (£<  .  18  for  pre-nap  frequency  ,  and  £<  .01 
for  post-nap  frequency,  two-tailed). 


94. 


EEG  criteria  on  DAY  3  relative  to  DAY  2  . , 

The  lack  of  changes  in  alpha  frequency  from  pre-nap  to  post- nap 
baselines  on  DAYS  2  and  3  were  unexpected,  since  Taub  (1977)  reported 
that  EEG  frequency  increased  significantly  for  habitual  nappers  from  20 
minutes  before  to  20  minutes  after  1/2-hour  and  2 -hour  afternoon  labora¬ 
tory  naps .  These  cortical  frequency  increments  were  part  of  a  pattern 
of  psychophysiological  changes  that  he  interpreted  as  increased  activa¬ 
tion  resulting  from  naps.  Heart  rate,  electrodermal  activity,  and  sub¬ 
jective  activation  also  showed  significant  increases  across  the  naps, 
and  all  measures  were  intercorrelated  with  improved  RT  performance  fol¬ 
lowing  naps,  relative  to  wake  control  periods.  EEG  frequency  change- 
correlated  highest  with  RT  improvements . 

It  is  possible  that  methodological  differences  between  oi 
and  Taub's  (1977)  precluded  our  finding  the  EEG  frequency  resu.  A 
Taub  observed.  Since  he  also  noted  significant  changes  in  heart  i  .a 
across  naps,  and  since  we  recorded  heart  rate  during  our  nap  periods,  we 
sought  to  confirm  his  observation  on  that  parameter.  It  also  seemed  worth¬ 
while  to  assess  whether  DAY  3  was  associated  with  higher  heart  rates, 
analogous  to  the  higher  EEG  frequencies  of  that  DAY. 

(2)  Heart  rate  and  electrodermal  activity.  Heart  rate  was  measured 
frequently  throughout  nap  periods  on  DAYS  2  and  3,  as  well  as  during  the 
middle  of  the  5-minute  waking  baselines  recorded  immediately  before  each 
nap  and  15  to  20  minutes  after  each  nap.  When  heart  rate  during  the  pre¬ 
nap  and  post-nap  baselines  was  compared  within  each  nap  day,  no  group 
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effects,  nap  effects,  or  nap  DAY  effects  were  found.  Contrary  to  Taub's  (1977) 
report,  there  was  no  significant  increase  from  pre-nap  to  post-nap  waking 
baseline  for  specific  groups  or  all  subjects  combined.  Moreover,  unlike 
alpha  frequency,  there  was  no  significant  difference  between  the  heart  rates 
of  nap  DAYS  2  and  3  . 

Electrodermal  data  were  not  as  thoroughly  scored  as  the  other  physio¬ 
logical  parameters,  due  to  the  generally  lower  priority  of  this  parameter  com¬ 
pared  to  the  nap  sleep  characteristics  .  Nevertheless,  analyses  of  skin  re¬ 
sistance  levels  during  the  pre-nap  and  post-nap  baselines  of  DAYS  2  and  3 
revealed  no  significant  differences  within  or  between  DAYS  or  groups . 

Although  we  were  unable  to  replicate  either  Taub's  (1977)  physiological 
findings  or  our  earlier  EEG  frequency  results  for  nap  DAYS,  the  heart  rate  and 
electrodermal  data  are  in  agreement  in  lack  of  effects ,  and  generally  fit  with 
the  alpha  frequency  findings  in  terms  of  no  clear  changes  occurring  from  before 
to  after  the  naps.  Of  course  this  does  not  mean  that  subjects  did  not  derive 
significant  subjective  benefits  from  the  naps,  or  that  physiological  parameters 
had  no  relationship  to  performance  and  subjective  ratings  in  our  study.  As 
will  be  detailed  later,  performance  after  the  naps  was  meaningfully  related 
to  physiological  aspects  of  nap  sleep,  and  physiological  parameters  appeared 
to  roughly  indicate  which  individuals  would  be  able  to  nap. 

(3)  Oral  temperature.  Body  temperature  appeared  to  be  related  to  nap- 
per  -  non-napper  differences  in  our  earlier  work,  such  that  replacement  nappers 
had  somewhat  lower  temperatures  than  non-nappers,  prior  to  a  laboratory  nap. 
For  the  current  study  we  recorded  sublingual  temperature  several  times,  both 


before  and  after  naps  and  on  control  days,  to  determine  to  what  extent  temper¬ 
ature  was  related  to  group  differences  and  nap  effects,  relative  to  wake  control 
periods . 

Our  hypothesis  regarding  group  differences  predicted  that  non-nappers 
would  have  significantly  higher  temperatures  than  nappers  prior  to  laboratory 
naps  (Evans  &  Orne,  1975)  but  not  necessarily  after  naps,  since  body  tempera¬ 
ture  tends  to  drop  during  sleep  and  during  some  periods  of  quiet  wakefulness 
(Kleitman,  1963).  Indeed,  temperature  changes  from  5  minutes  before  to  5 
minutes  after  both  nap  DAYS  2  and  3,  as  well  as  control  DAYS  1  and  4,  dropped 
significantly  for  all  groups  (trials'  £s  were  significant  on  each  of  the  4  days 
at  the  £<.025  level  and  lower).  Approximately  45  minutes  after  the  nap  days, 
each  group's  mean  temperatures  returned  to  near  their  pre-nap  values. 

Examination  of  pre-nap  temperatures  for  groups  revealed  that  non-nappers 
averaged  higher  temperatures  than  nappers,  and  in  particular,  the  4  non -nappers 
who  did  not  sleep  on  DAY  2  averaged  the  highest  temperatures,  at  least  on  that 
day.  Replacement  and  appetitive  napper  groups  did  not  differ  from  each  other, 
however,  in  mean  pre-nap  temperatures,  and  consequently  were  pooled  for 
comparison  with  non-nappers.  Figure  4  illustrates  mean  body  temperatures 

h 

for  all  9  non-nappers  and  21  nappers  at  60  minutes  prior  to  and  again  at 


*One  appetitive  napper  had  to  be  excluded  from  this  analysis  due  to 
missing  temperature  data  on  DAY  3.  All  subjects  were  included  in  these  anal¬ 
yses,  regardless  of  whether  they  slept  during  the  nap  periods,  since  the  com¬ 
parisons  were  on  temperatures  prior  to  the  naps.  The  temperatures  presented 
in  Figures  4  and  5  may  appear  to  be  a  few  tenths  of  a  degree  lower  than  typical 
clinical  recordings.  This  is  a  function  of  the  Tempa-Dot  thermometers  em¬ 
ployed  both  in  the  laboratory  as  well  as  at  home  for  circadian  data.  Given  the 
numbnr  of  subjects,  and  the  extent  of  the  data  collected,  it  was  considerably 
more  practical  to  use  these  disposable  thermometers  than  alternative  glass  bulb 
thermometers.  Our  pilot  data  indicated  the  Tempa-Dots  would  be  sensitive  to 
diurnal  fluctuations  in  temperature,  and  the  laboratory  data  as  well  as  the  cir¬ 
cadian  data  we  collected  during  the  study  confirm  that  impression. 
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pr«-n*p  pr«-n«p  pr*-n«p  pre-nap 

DAY  2  UAY  2  DAYS  DAY  3 


Figure  4.  M**n  aublingual  tamparatura  reading*  wkan  during  tha  1-hour 

pariod  prior  to  tha  laboratory  nap*.  Conlirmad  non-nappar*  ware 
compered  to  a  combined  raplacamant  and  appatltlva  nappar  group. 
Ttoo-way  repaatad  maacura*  analyst*  o(  varlanca  on  tha  data 
ylaldad  a  main  offset  for  group*  (£}  £<  .02S),  and  a 

main  affact  (or  trial*  (£3  jj-26.13,  £<  .001),  but  no  intaraction 
(£3(I4-0.»3.  £>.20). 


5  minutes  prior  to  the  DAY  2  and  DAY  3  nap  periods.  The  two-way  repeated 


measures  ANOVA  yielded  a  significant  between-groups  effect  (F^  28=6,0®' 
£<  025).  and_t-tests  for  a  priori  comparisons  between  nappers  and  non- 


nappers  at  each  point  confirmed  that  nappers  averaged  significantly  (.£<  .001 , 


two-tailed)  lower  body  temperatures  than  non-nappers  before  both  laboratory 


naps . 


If  the  higher  body  temperatures  of  non-nappers  were  indicative  of  a 


tonic  level  of  higher  arousal  relative  to  nappers,  then  non-nappers  should 
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also  have  significantly  higher  body  temperatures  upon  coming  to  the  labora¬ 
tory  on  control  DAYS  1  and  4.  However,  this  was  not  the  case.  While 
nappers  continued  to  average  lower  temperatures  on  control  days  compared 
to  non-nappers,  the  differences  were  considerably  less  than  the  pre-nap 
days1  differences,  and  there  was  no  overall  main  effect  between  groups 
(Ii  28=1-15*  £>.20). 

The  differences  pictured  la  Figure  4  appeared,  therefore,  to  be 
representative  of  subjects'  state  prior  to  the  sleep  sessions  on  laboratory 
nap  days,  but  not  necessarily  reflective  of  non-nap  control  days.  It  appears 
that  nappers  reacted  to  the  nap  and  control  days  differently,  such  that  they 
were  physiologically  prepared  to  nap  upon  coming  to  the  laboratory  DAYS  2 
and  3  (and  their  body  temperatures  reflected  this  lower  arousal),  while 
they  were  aware  they  would  not  be  napping  on  control  DAYS  1  and  4  (and 
thus  were  generally  more  activated).  This  view  predicts  that  nappers 
should  average  significantly  lower  body  temperatures  on  laboratory  nap 
days  (prior  to  the  nap  periods)  compared  to  wake  control  days,  while  non- 
nappers  should  have  no  significant  difference  between  nap  and  control  day 
temperatures.  To  test  this,  we  compared  the  first  temperature  recording 
taken  on  the  two  nap  days  to  the  first  temperature  recording  taken  on  the 
two  control  days . 

Figure  5  presents  the  results  of  these  comparisons  within  each 
group.  As  predicted,  the  main  effect  for  days  (nap  days  versus  control 
days)  was  significant  for  replacement  nappers  (F.^  3Q=20.96,  £<.001) 
and  appetitive  nappers  (Ei  ;2  7=4 .73 ,  £<.05),  but  not  *  non-nappers 


Nippin  Nappe  ra 

rigur*  S.  Histograms  of  moan  sublingual  temperature  tor  tha  first  recording 
made  on  (C)  waka  control  days  (DAYS  14  4),  and  (N)  laboratory 
nap  days  (DAYS  2  4  3).  In  all  casas  tha  recordings  warn  mada 
about  I  hour  prior  to  tha  60-mlnuta  waka  or  nap  periods .  Treat¬ 
ment  by  treatment  by  subjects  analysis  of  variance  was  performed 
within  each  group. 


(— 1,24=1*60#  £>.20).  Nappers  averagad  significantly  lower  body  tem¬ 
peratures  before  the  nap  periods  than  before  the  wake  control  periods.  The 
effect  was  larger  for  replacement  nappers ,  but  when  the  second  temperature 
reading  (5  minutes  pre-nap  or  pre-control  period)  was  used,  the  effect  was 
greater  for  appetitive  nappers  ^  .46,  £<  .005)  than  replacement 

nappers  (Hi  #3o=7*27«  £<-025).  Of  course,  combined  napper  groups  also 
showed  the  effect.  The  data  suggest  that  nappers  have  lower  physiological 
arousal,  as  indexed  by  body  temperature,  prior  to  anticipated  nap  periods. 
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It  is  noteworthy  that  Taub  (1977)  reported  oral  temperature  increased 
in  his  subjects  from  20  minutes  before  to  20  minutes  after  a  wake  control 
period  but  not  laboratory  naps,  while  heart  rate,  EEG  frequency,  elec  trod  er- 
mal  activity,  subjective  activation,  end  behavioral  efficacy  (RT)  showed 
significant  increases  following  naps  but  not  following  a  wake  control  period . 
This  led  him  to  suggest  that  the  assumption  that  temperature  is  a  compre¬ 
hensive  index  of  organismic  activation  may  be  invalid  if  one  is  talking 
about  activation  as  a  unitary  concept  in  psychophysiological  terms . 

Indeed,  there  are  frequent  conditions  where  temperature  and  other 
physiological  and  subjective  parameters  are  out  of  synchrony,  and  thus  a 
unitary  concept  of  activation  is  probably  inappropriate.  We  have  found, 
however,  that  the  assessment  of  body  temperature  surrounding  naps  and 
wake  control  periods  requires  frequent  measurement  to  appreciate  the  vari¬ 
ous  parameters  than  can  affect  this  variable.  Thus,  depending  on  when 
temperature  is  taken  following  a  nap  or  control  period,  whether  an  individ¬ 
ual  is  a  napper  or  non-napper,  and  what  a  subject  does  between  the  period 
and  the  measurement  will  determine  whether  one  sees  significant  increases 
or  decreases  in  temperature,  regardless  of  whether  sleep  has  occurred. 

Furthermore,  sublingual  temperature  may  reflect  not  only  arousal 
manipulations  the  experimenter  imposes  intentionally,  but  also  arousing 
aspects  of  the  setting  not  of  obvious  relevance  to  the  study.  For  example, 
our  temperature  data  showed  a  significant  drop  across  laboratory  visits 
for  all  groups  individually  and  pooled,  including  those  subjects  who  nepped 
on  both  DAYS  2  and  3  (£3  # gO"*2 5.09,  £  <  .001).  This  is  apparently  a 
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laboratory  adaptation  curve  that  exist*  largely  Independent  of  the  tempera¬ 
ture  changes  between  groups,  across  60-mlnute  treatments,  and  within 
napper  groups  between  control  and  nap  days .  Body  temperature  therefore 
appears  to  vary  systematically  as  a  function  of  a  number1  of  parameters , 
and  its  assessment  requires  attention  to  these  parameters,  as  well  as 
circadian  and  environmental  influences. 

A  careful  timing  of  temperature  recording  can,  nevertheless,  provide 
some  Insight  into  individual  differences  in  the  ability  to  sleep,  or  to  sleop 
and  derive  benefits  from  it.  Just  as  Monroe  (1967)  found  that  poor  nocturnal 
sleopors  had  significantly  higher  body  temperatures  prior  to  and  during  their 
nocturnal  sloop  relative  to  good  nocturnal  sleepers,  wo  found  that  poor 
daytime  sleepers  (confirmed  non-nappers)  had  significantly  higher  body  tem¬ 
peratures  prior  to  naps  relative  to  good  daytime  sleepers  (napper*).  While 
we  believe  that  the  higher  temperatures  roughly  index  non-nappers*  inability 
to  onsot  sloep  in  the  afternoon,  at  least  in  the  laboratory,  we  are  loss  cer¬ 
tain  that  the  temperature*  relate  meaningfully  to  the  unpleasant  post-nap 
aiteroffeots  oonflrmod  non-nappers  report  experiencing,  Performance  data, 
subjective  data,  circadian  data,  and  sloep  diary  data  must  bo  assessed 
before  concluding  that  tho  sleop  staging,  stage  lability,  and  temperature 
differences  we  observed  arc  relevant  to  nappers*  use  of  napping  to  enhance 
effective  functioning,  ana  confirmed  non-neppers*  avoidance  of  napping. 

ili., 

a .  Sleep  infrastructure  and  post-nap  performance.  DST  and  RNG 
performance  were  assessed  throughout  experimental  and  control  sessions, 
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including  immediately  after  nap  period  termination  on  DAYS  2  and  3,  as 
well  as  35  minutes  later.  RT  performance  was  recorded  at  nap  offset  (sub¬ 
jects  woro  requirod  to  answer  a  phone  signaling  the  nap  period  was  over) 
and  again  20  minutes  later. 

While  both  DST  and  RT  post-nap  performance  appeared  to  be 
affected  by  nap  sleep,  RNG  performance  was  not  affected  by  either  nap 
sleep  or  wake  (control)  periods,  and  groups  did  not  differ  in  their  degree 
of  randomness  at  any  point.  DST  and  RT,  on  the  other  hand,  were  profound¬ 
ly  influenced  by  the  nap  periods  relative  to  wake  periods,  Specifically , 
performance  on  both  tasks  was  depressed  within  a  few  minutes  ol  nap 
termination,  but  recovered  within  20  to  35  minutes,  Since  qualified  nap- 
pore  nnd  non-nappors  did  not  differ  in  their  baseline  performance  on  DHT 
and  RT  tasks,  it  seemed  reasonable  to  first  examine  the  relationships 
butwoon  post-nap  performance  and  nap  sleep  infrastructure,  and  thon 
compare?  specific  groups,  Consequently,  wo  initially  analysed  the  per¬ 
formance  of  all  67  subjects  seen  in  the  laboratory,  including  unconfirmed 
nappura  and  non-nappers, 

Figures  Go  and  6b  graphically  present  DST  and  RT  performance 
prior  to  and  following  nop  DAYS  2  and  3,  respectively,  for  all  6  7  subjects, 
Immediate  post-nap  performance  documents  and  subsequent  increments 
aro  ovldont.  lor  RT  and  three  measures  of  DST  performance,  including  both 
speed  nnd  accuracy.  On  nap  days,  RT  to  the  phone  was  significantly 
a  lower  nt  nap  termination  than  20  minutes  later  (t«3 .56,  £<  .001;  and 
_i«2.32,  £<  .05,  two-tailod).  Similarly,  DST  performance  parameters  were 
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figure  A.  Main  partormanca  on  reaction  tlm*  (NT)  and  thraa  maaiure*  o( 

daioandlng  lubtraellon  talk  (DST)  (or  67  young  adult*  haforu  and 
attar  nap*  In  a  ilaap-eondualva  anvironmant  (A)  and  in  an  aiurtmg 
anvironmant  (B)«  lattar  parlormanoa  li  up  on  all  graph* ,  Porfor- 
manoa  at  1  mlnuta  poit-nap  wa*  ilgnlfloantty  bolow  pra-nap  and 
aubaaguant  poit-nap  layali  (or  all  maaiurai  axcapt  DOT  accuracy 
on  DAY  1. 

significantly  poorer  immediately  after  the  napa  compared  to  before  the  nap 
porlodH,  15  mlnutos  later,  and  wako  control  periodi  (all la  significant  at 
12  <  ,()5  Di  lower,  except  for  DAY  3  accuracy  measure#  whorols  wore  J2<  .3  0, 
iwo-uillod),  Overall,  therefore,  it  appeared  that  both  dimple  motor  reac¬ 
tion  time  and  complox  cognitive  performance  were  depressed  upon  awaken¬ 
ing,  and  then  Improved  shortly  thereafter,  Wllooxon  matched -palra  slgnod- 
rankii  tout-#  confirmed  those  findings, 

Tho  robustness  of  these  immediate  poet-nap  performance  decrement#, 
an  well  <ki  thoir  rolovnncc  to  the  implementation  of  napping  regime#  during 
ciunsi -conimuouH  performance  ichedulo*  ,  encouraged  a  complete  assessment. 
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of  the  decrements  in  relation  to  nap  Bleep  infrastructure.  The  DST 
measure  wo  employed  for  these  analyses  was  the  number  of  correct  re¬ 
sponses  per  second,  times  1000.  This  measure  was  sensitive  to  both 
speed  and  accuracy  changes.  RT  was  carried  as  the  speed  of  response 
in  seconds .  A  variety  of  dimensions  of  nap  sleep  infrastructure  wore 
correlated  with  RT  and  DST  performance  changes  across  the  nap  periods . 

(1)  RT  dncrement.  T-ble  5  presents  the  resulting  Pearson  prod¬ 
uct  moment  correlation  coefficients  with  an  adjustment  of  significance 

TABLE  I 


Product  moment  correlations  between  immediate  post-nap  pertormenoe 
end  nap  sleep  of  67  young  adults, 


Tssk 

Nap 

Day 

DST 

1-4 

aiUB.fillHM . . 

2-4  3-4  2 

1 

Awake* 

Stags* 

,00 

,15 

.13 

,14  -.05 

-.01 

-.17 

.42* 

HT 

-.17 

,12 

,00 

.16  -.07 

-.02 

-.00 

.17* 

hBK 

-.46* 

-.40* 

-.30*  -.35 

,03 

.26 

-.14 

UBT 

-.82* 

-.60* 

-.50*  -.21 

.01 

.36 

-.43* 

+  Tims  swsks  or  in  Stags  1  immsdietoly  prior  to  bell, 

$  Stags  et  bell , 

*Jl<  .002  for  jt<  ,05  by  two-tailed  Donferroni  procedure, 

lovolii  using  a  multistage  Uonforronl  procoduro  (Laraolore  &  Mulalk, 

1077)  to  minimise  tho  possibility  of  capitalising  on  chance  given  30 

if 

correlations  on  e  data  set.  Examination  of  Table  5  Bhowa  that  RT  and 
DST  post-nap  performance  decrements  were  not  correlated  on  either  nap 
day,  suggesting  thoy  wore  associated  with  different  aspects  of  nap  sleep. 
RT  was  significantly  correlated  with  only  one  parameter,  namely, 

*  All  significant  effocts  regarding  post-nap  performance  wore  also 
confirmed  using  flpoarman  rank  order  correlations  and  chi  square  analyses. 
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stage  at  the  bell  (nap  termination),  such  that  the  deeper  the  sleep  stage 
(awake*0,  stage  1*1, . .  .stage  4*4)  the  slower  the  RT.  Figure  7a  illustrates 
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rigura  7,  (A)  Maan  reaction  Umai  to  anawarlng  a  tolaphona  for  young  adult 4  In  various 
itagaa  o(  ilaap  at  tha  tarmlnallon  ot  80-wlnuta  attamoon  nap  poriod*  in  ilaap* 
conducive  (DAY  2)  and  alerting  anvironmanta  (DAY  1).  Valuaa  in  paranthaaaa 
ara  tha  nurnbar  of  aub|aot>  Inoludad  in  aach  data  point  on  aaoh  nap  day,  Tha 
waka  oondltion  wai  tha  maan  ST  for  aubjartt  groups  20  mlnutaa  after  napa,  Tha 
DAY  2  RTa  ware  to  a  72-dl  ball  wharaas  DAY  3  RTa  wara  to  a  83-dB  bail, 

(B)  Immadlata  poat-nap  DST  parformanea  aa  paroant  of  pre-nap  lavala  (or 
aubiacta  varying  in  amount  of  atayas  2+3+4  alaap  during  nap  DAYS  2  and  3 u 
Tha  DST  maaaura  amployad  waa  tha  nurnbar  oorraet  par  unit  time,  and  thus 
inoludaa  adluatmant  for  apaad  and  aoouraoy,  Valuaa  in  paranthaaaa  ara  iha 
nurnbar  of  aubjaota  at  aaeh  data  point,  No  aubjaot  had  mora  than  BO  mlnutaa 
augaa  2+3+4  on  DAY  3, 


this  relationship.  While  the  loudor  DAY  3  boll  and  alerting  environment 

served  to  decrease  RT  from  all  stagos  relative  to  DAV  2  (£<  .0001),  the 

bulk  of  the  RT  docremont  at  nap  termination  resulted  from  stage  4  sleep 

* 

awakenings,  This  confirms  findings  from  nocturnal  studies  of  sudden 

♦Two-way  repeated  measures  ANOVA  within  each  nap  day  (Figure  7a) 
yielded  a  main  offoct  between  groups  (i.c.,  stages:  DAY  2  Lj(62“3,43< 

U<  ,(i25;  DAY  3  £-3 .43 ,  ,025),  a  main  effect  within  groups  '(l.e. ,  nap  va . 

wake  RT:  DAY  2  £j  |W«15 . 13 ,  £<.001;  DAY  3  £-6.23,  £<.001),  and  a  sig¬ 
nificant  interaction  (DAY  2  £4,62"4. 18,  £<  .005;  DAY  3  £-4.54,  j^<  ,01). 

Rost  hoc  Muhofie  comparisons  between  means  within  eaoh  nap  day  revealed  that 
RT  from  stage  4  sleep  was  signifioantly  longer  (jj> <  .01)  than  RT  from  all  other 
Hinges . 
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awakening  (Goodenough  et  al . ,  1965;  Okuma  et  al.(  1966;  Scott  & 

Snyuur,  1058)  and  Webb  and  Agnew's  (1964)  study  of  afternoon  naps. 
Immediate  post -nap  RT  performance  is  related  to  stage  of  sleep  at 
awakening,  and  not  to  time  spent  in  sleep  or  any  other  cumulative  factor. 

(2)  DST  decrement.  The  converse  appeared  to  be  true  for  DST 
immediate  post-nap  performance  decrement.  As  Table  5  shows,  DST 
performance  was  significantly  related  to  the  amount  of  sleep  on  nap 
DAYS  2  and  3,  but  not  necessarily  to  stage  at  awakening.  In  fact,  the 
highest  DST  coefficients  within  each  nap  day  were  for  the  relationship 
with  stagoa  2+3+4  sleep  combined,  that  is,  TST  from  stage  2  onset 
(£*-,48,  ^<.0001,  andjj“-.60,  £<.0001).  The  more  the  TST  during 
naps,  the  pooror  the  immediate  post-nap  cognitive  performance,  Fig¬ 
ure  7b  depicts  this  relationship  on  each  nap  day. 

Chi  square  analysis  between  nap  days  confirmed  that  a  day  of 
greater  stages  2+3+4  sloop  for  a  subject  was  likely  to  be  a  day  of  groator 
DST  docromont  (x^“ll*66,  df*l,  £<,001).  This  was  not  thooase,  how¬ 
ever,  for  the  relationship  between  stage  at  nap  termination  and  DST  docre- 

2 

mont  t x  *0,44).  Even  subjects  who  woro  awake  or  in  stage  1  sloop  at 
nap  termination  had  a  DST  decromont  proportionate  to  thotr  TST  as  tang  as 
they  had  not  been  awake  (or  in  stage  1)  more  than  5  minutes.  It  they  had 
boon  awake  tor  more  than  5  minutes,  thotr  DST  decrement  was  loss  than 
usual  for  a  givon  sloop  length,  indicating  the  DST  performance  bogtns 
rebounding  back  to  pro-nap  levels  within  5  to  10  minutes  of  nap  termina¬ 
tion.  liy  roughly  35  minutes  after  the  nap,  DST  performance  had 
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rebounded  to  or  above  pre-nap  levels ,  such  that  the  greater  the  decrement, 
the  greater  the  subsequent  increment  to  pre-nap  levels . 

These  results  dramatize  a  number  of  issues  relevant  to  napping 
in  a  context  where  an  individual  may  be  required  to  perform  at  peak  effi¬ 
ciency,  at  a  moment's  notice,  and  at  unpredictable  times.  First  of  all, 
the  alerting  environment  of  DAY  3  had  much  less  effect  on  post-nap  per¬ 
formance  decrements  than  we  had  anticipated.  Both  motor  and  cognitive 
deficits  wore  evident  on  DAY  2  as  well  as  DAY  3 .  Moreover,  the  degree 
of  the  cognitive  performance  decrement  was  remarkably  similar  to  that 
found  after  awakening  from  nighttime  sleep  (19%-25%:  cf.  Pritchett,  1964; 
Hartman  &  Iangdon,  1965;  Wilkinson  &  Stretton,  1971). 

Furthermore,  the  common  assumption  that  performance  at  awakening 
is  the  rosult  of  the  carry-over  effects  of  the  brain's  state  immediately  pre¬ 
ceding  awakoning  was  not  supported  for  cognitive  performance.  While 
simple  motor  RT  reflected  the  expected  sleep  stage  effect,  DST  performance 
(both  spood  and  accuracy)  was  unrelated  to  sleep  stage  at  nap's  end,  but 

k 

was  related  to  total  sloop  time.  While  we  did  not  predict  this,  the  finding 
is  congruent  with  a  growing  body  of  evidence  suggesting  that  sleep  length 
is  considerably  more  powerful  in  predicting  certain  aspects  of  performance 


*DST  decrement  was  significantly  correlated  with  stage  at  nap  termi¬ 
nation  on  DAY  3,  but  not  on  DAY  2  (see  Table  5).  However,  the  correlation 
was  loss  robust  than  the  TST-DST  coefficients,  and  partial  correlations  re¬ 
vealed  that  the  DST  correlation  to  stage  at  nap  termination  on  DAY  3  was  the 
result  of  TST  being  significantly  correlated  with  stage  at  nap  termination  on 
that  day  (r».4fl,  £<.0001),  When  TST  was  partialed  out,  stage  no  longer 
correlated  significantly  with  DST  decrement  on  DAY  3  (£*.19,  £>,10),  and 
when  stage  at  nap  termination  was  partialed  out,  TST  still  correlated  signifi¬ 
cantly  with  DST  decrement  (£*.50,  £<.0001). 


after  sleep  than  any  particular  sleep  stage  (Johnson,  1973;  Johnson, 

Naitoh,  Moses,  &  Lubin,  1974;  Lubin,  Moses,  Johnson,  &  Naitoh,  1974). 

While  TST  was  clearly  associated  with  DST  decrement  on  nap 
days,  there  was,  nevertheless,  some  indication  that  it  was  amount  of 
stages  3+4  sleep  that  contributed  most  to  this  relationship.  All  the  sig¬ 
nificant  correlations  in  Table  5  between  DST  and  sleep  length  involve 
slow-wave  sleep,  and  the  correlations  between  DST  and  stage  2  sleep, 
or  stage  1  sleep  alone  (as  well  as  stages  1+2  sleep  combined)  were  not 
significant.  Thus,  it  is  possible  that  given  the  same  total  sleep  time, 
but  differing  amounts  of  stages  3+4  sleep,  the  subject  with  the  greater 
slow-wave  sleep  would  likely  experience  the  greater  DST  decrement.  In 
light  of  this,  we  vamined  our  nappers'  and  non-nappers'  performances 
and  their  relationships  to  the  nap  sleep  infrastructure  differences  we 
observed . 

b.  DST  performance  of  nappers  and  non-nappers.  Having  found 
such  robust  relationships  between  immediate  post-nap  performance  and 
sleep  infrastructure  for  all  67  subjects,  we  expected  that  differences  in 
post-nap  performance  between  our  11  appetitive  nappers,  11  replacement 
nappers,  and  9  non-nappers  would  be  a  function  of  nap  sleep  infrastructure 
differences.  Since  groups  did  not  differ  significantly  in  stage  at  nap  termi¬ 
nation  on  either  DAY  2  or  3  (E2  20=1,13,  £>.20),  it  is  not  surprising  that 
RT  was  not  significantly  different  between  groups  on  either  nap  day 

(i^,20=0-48'  £>.20). 

Furthermore,  since  groups  did  not  differ  in  TST  (£2 ,20“^  •  ^ ,  £>.20) , 
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DST  decrements  were  not  different  (£2 ,20=* *  '  £^*20).  Nevertheless, 

an  examination  of  DST  speed  and  accuracy  revealed  that  confirmed  non- 
nappers  who  slept  had  significantly  more  DST  errors  (lower  accuracy) 
immediately  after  the  DAY  2  nap  relative  to  both  replacement  nappers 
(t-2  .44,  £<.05,  two-tailed)  and  appetitive  nappers  (t=l . 93 ,  £<.10,  two- 
tailed)  who  slept,  as  well  as  non-nappers  who  did  not  sleep  (t~3.75, 

£<  .  01) .  These  differences  were  not  evident  on  nap  DAY  3  or  any  wake 
control  day . 

Interestingly,  the  one  nap  infrastructure  parameter  that  non-nappers 
experienced  more  of  on  DAY  2  relative  to  both  napper  groups  was  amount  of 
stages  3+4  sleep  (N  vs  .  R,  J;=3 .61,  £<  .01;  N  vs.  A,  _t=2  .59,  £<  . 05,  two- 
tailed).  Replacement  and  appetitive  nappers  did  not  differ  in  either  slow- 
wave  sleep  or  DST  post-nap  accuracy  decrements .  In  addition,  non-nappers 
averaged  significantly  less  stages  3+4  sleep  on  DAY  3  relative  to  DAY  2 
(t=4.49,  £<.02,  two-tailed)  and,  not  surprisingly,  fewer  DST  errors  on 
DAY  3  (t=7 . 90 ,  £<.002,  two-tailed). 

Figure  8  illustrates  these  data  by  presenting  percent  of  slow-wave 
sleep  and  DST  errors  immediately  after  nap  DAYS  2  and  3  for  each  group. 

It  seems  clear  that  the  increased  number  of  errors  non-nappers  made  on 
DAY  2  were  directly  associated  with  their  increased  amount  of  deep  sleep 
on  that  day,  despite  the  fact  that  overall  they  had  the  same  TST  (from 
stage  2  onset)  as  nappers  and  averaged  the  same  sleep  stage  at  nap  ter¬ 
mination.  Furthermore,  when  the  amount  of  their  deep  sleep  was  reduced 
on  DAY  3  relative  to  DAY  2 ,  their  DST  accuracy  increased  after  the  DAY  3 
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Figure  6.  Mean  percent  of  stages  3+4  sleep  and  mean  number  of  OST  errors 
Immediately  after  nap  termination  for  5  non-nappo.s  (N),  9  appeti¬ 
tive  nappers  (A),  and  9  replacement  nappers  (R)  who  slept  on  both 
DAYS  2  and  3.  On  DAY  2,  non-nappers  had  a  significantly  greater 
proportion  of  slow-wave  sleep  during  their  naps  compared  to  appe¬ 
titive  nappers  (£<.05)  and  replacement  nappers  (j£ <  .01),  and  fol¬ 
lowing  their  DAY  2  naps  they  had  more  DST  errors  than  appetitive 
(E<.10)  and  replacement  {£<.05)  nappers.  All  tests  were  two- 
tailed.  Napper  groups  did  not  differ  significantly  from  each  other 
on  DAY  2,  and  no  group  differences  were  evident  on  DAY  3.  Non- 
nappers  had  a  smaller  proportion  of  stages  3+4  sleep  (£<  .02),  and 
fewer  DST  errors  (£<,002)  on  DAY  3  relative  to  DAY  2. 


nap  relative  to  DAY  2  .  Finally,  even  though  napper  groups  did  net  differ 
significantly  in  amount  of  deep  sleep  and  DST  accuracy,  appetitive  nap¬ 
pers  averaged  somewhat  more  of  both  on  DAY  2  compared  to  replacement 
nappers,  and  thus  the  napper  groups'  ranks  on  stages  3+4  sleep  on  DAY  2 
match  their  DST  accviracy  ranks. 

This  finding  raises  the  intriguing  possibility  that  it  is  the  inordinately 
higher  proportion  of  deep  sleep,  and  subsequent  greater  immediate  post-nap 
cognitive  decrement  that  confirmed  non-nappers  experience  as  "unpleasant" 
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or  a  “negative  aftereffect"  which  leads  them  to  avoid  napping.  While  our 
earliest  experimental  hypothesis  regarding  non-nappers'  avoidance  of 
napping  was  predicated  upon  the  assumption  that  they  had  excessive 
amounts  of  deep  sleep  during  naps,  and  though  the  DAY  2  data  confirm 
this,  the  DAY  3  data  and  our  earlier  study  do  not  entirely  support  this  view. 

In  our  earlier  study  on  napping  in  an  optimal  environment  (Evans 
&  Orn^,  1975),  a  delayed  sleep  onset  probably  resulted  in  confirmed  non- 
nappers  having  no  more  slow-wave  sleep  during  their  naps  than  nappers 
(see  Table  2);  and  on  DAY  3  of  the  current  investigation  the  alerting  environ¬ 
ment  apparently  reduced  their  deep  sleep  to  the  level  of  nappers'  (see 
Table  3).  Thus,  on  DAY  3  non-nappers  had  no  greater  immediate  DST 
post-nap  decrement  than  nappa-s.  Can  we  predict,  therefore,  that  they 
were  less  dissatisfied  with  the  DAY  3  nap  compared  to  the  DAY  2  nap? 
Although  the  post-nap  DST  and  deep  sleep  data  would  suggest  a  positive 
answer  to  this  question,  examination  of  subjective  data  wuviewed  below 
does  pot  support  such  an  answer. 

Though  the  post-nap  performance  decrement  provides  important  in¬ 
formation  on  the  relationship  of  nap  sleep  infrastructure  to  performance, 
it  is  relevant  to  remember  that  all  subjects  evidenced  a  return  of  both 
RT  and  DST  performance  to  or  above  pre-nap  levels  within  35  minutes  of 
nap  termination.  Since  RT  was  recorded  only  after  naps,  it  was  not  possi¬ 
ble  to  compare  it  to  RT  before  naps  and  RT  on  wake  control  days,  to 
determine  i.f  we  could  replicate  Taub's  (1977)  finding  of  Increased  RT  per¬ 
formance  following  naps  by  habitual  nappers.  In  this  regard,  it  is  noteworthy 
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that  Bertelson  (1979)  was  not  able  to  replicate  Taub's  RT  findings,  and  thus 
some  doubt  remains  concerning  the  degree  to  which  simple  motor  efficiency 
improves  following  naps  in  non-sleep-deprived  subjects. 

Like  Taub  (1977)  and  Bertelson  (1979)  we  did  not  find  that  performance 
on  a  complex  cognitive  task  improves  significantly  above  pre-nap  levels  in 
non-sleep-deprived  nappers  and  non-nappers.  Of  course,  this  may  be  a  func¬ 
tion  of  not  having  tested  cognitive  performance  frequently  enough  following 
naps  .  Nevertheless,  our  data  show  that,  regardless  of  the  degree  of  imme¬ 
diate  post-nap  cognitive  performance  impairment,  the  rebound  during  the  sub¬ 
sequent  30  minutes  is  proportionate  to  the  decrement.  Moreover,  this  is  true 
for  both  nappers  and  confirmed  non-nappers.  Thus,  non-nappers  do  not  appear 
to  be  suffering  any  prolonged  cognitive  deficits  as  a  result  of  having  napped. 
This  is  not  to  say,  however,  that  the  subjective  consequences  of  a  nap 
are  similar  between  these  groups. 

3  .  Subjective  Results  . 

Extensive  subjective  data  was  collected  throughout  the  study,  and 
included  repeated  measures  of  reported  sleep  depth,  time  estimates,  activa¬ 
tion,  sleepiness,  fatigue,  nap  satisfaction,  tiredness,  capacity,  and 

refreshedness.  While  we  realize  that  some  of  these  measures  are  inherently 
★ 

intercoTclated ,  we  have  found  it  desirable  to  permit  subjects  the  broadest 


Correlational  analyses  were  carried  out  within  and  between  the  10  sub¬ 
jective  measures  employed  in  the  study.  By  correlating  all  31  subjects'  respon¬ 
ses  to  each  subjective  measure  at  the  same  time  point  within  a  given  day,  it 
was  possible  to  determine  what  the  average  Pearson  correlation  was  between 
any  two  measures.  When  all  10  measures  were  i nt ere orr elated  with  each  other, 
a  clear  pattern  emerged.  Not  all  10  subjective  scales  were  measuring  the  same 
parameter.  Rather,  subsets  of  measures  were  intercorrelated,  yielding  4  separat 
oomains  .  Post-nap  ratings  of  satisfaction,  "feeling  now. "  and  refreshedness 
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range  of  ratings,  since,  for  example,  ratings  of  sleepiness  and  refreshed  ¬ 
ness  often  mean  different  things  to  subjects .  The  measures  employed  re¬ 
flect  those  hypothesized  to  show  group  or  nap  effects,  as  well  as  those 
reported  in  the  literature  to  be  relevant  to  assessing  the  subjective  effects 
of  naps.  By  comparing  post-nap  ratings  to  pre-nap  ratings  and  wake  con¬ 
trol  day  ratings,  within  and  between  groups,  the  effects  of  naps  on  nappers 
and  non-nappers  can  be  evaluated,  taking  into  account  non-sleep-related 
changes  over  time. 

a.  Post-naP  ratings  of  depth,  time.  Satisfaction,  and  aspects 

aUattaag.* 

(1)  Replication  of  effects  from  an  optimal  environment.  Our  earlier 
work  had  shown  that  following  naps  in  a  sleep-conducive  environment,  nap¬ 
pers  (especially  appetitive  nappers)  were  more  satisfied  with  their  naps  than 
confirmed  non-nappers,  and  felt  better  following  a  nap  relative  to  before  it 

it  it 

(Evans  &  Ome,  1975).  Table  6  presents  these  results  for  the  earlier  study, 


were  all  highly  correlated  (.6  9  to  .76),  but  were  generally  uncorrelated  with 
other  measures.  The  largest  single  matrix  of  intercorrelations  was  comprised 
of  ratings  of  fatigue .  sleepiness .  tiredness,  and  AD-ACL  factors. general  gfctlva 
tion  and  deactivation-sleep,  all  of  which  were  significantly  intercorrelated  (.31  | 
to  .72).  AD-ACL  factors  of  high  activation  and  general  deactivation  made  up  the 
final  two  domains .  Neither  was  correlated  with  any  other  subjective  measure, 
and  they  were  only  weakly  related  (inversely)  to  each  other  (-.34).  In  addition 
to  the  relationship  between  measures,  the  reliability  of  each  measure  was 
assessed  by  checking  the  intercorrelation  between  repeated  administrations  of 
each  scale.  All  scales  showed  satisfactory  reliability  within  any  given  day 
(rs  ranged  from  .41,  £<.05  to  .89,  £<.0001).  Each  scale's  reliability  dropped 
when  assessed  between  days  of  the  study,  but  9  of  the  10  subjective  measures 
remained  reliable  (rs  ranged  from  .30,  £<.05  to  .58,  £<.001).  Only  the  high 
activation  factor  of  the  AD-ACL  had  a  non-significant  between-days  reliability 
coefficient  (.24),  which  is  consistent  with  reports  of  increased  variability  in 
repeated  measures  on  this  factor  (Thayer,  1967). 

**Table  6  includes  only  those  past-nap  ratings  that  were  made  in  the 
earlier  study.  Additional  ratings  employed  in  the  current  study  are  presented 
in  later  tables. 
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TAALE  I 


M"nn  valuoa  of  aub|octlvu  raaponaat  lor  two  atudloa  of  appatlllv*  nappera  (A),  ruplaromont 
nappara  (R),  and  oonfirm'ud  non-nappara  (N)  who  alapt  during  50-minut*  aftamoon  nap  partodi 
in  alaap-eonduetva  anvironmunta. 


Oucititm  n  » 

Earllar  ttud 

t  - 

QAV  2  o(  cut  runt 

itudy 

A  II  N 

ii  y  t 

l-twt  . 
results1 

ARM 

10  10  5 

1-U»t 

result#1 

ditlaranca 
rapt  lea tud 

How  long  line*  ipokan  to?2 

SI  40  M 

51  57  15 

How  tong  did  you  alaap?  2 

40  10  1# 

45  45  45 

Pvrcont  ot  tlm*  aalaap? 

51*  57*  47% 

51%  70%  55% 

Awaku  at  th«  bull'/* 

0.5  0.1  0.1 

0.1  0.5  0.1 

How  doup  Al  hull?3 

S.l  5.1  5.5 

5.0  7.4  l.l 

How  d«ap  M  duupuit?3 

7.5  7.4  7.5 

7.5  S.O  7.4 

*1  Nap  laUifnctlon?  6 

2.5  2.5  0.5 

a",  ra'n 

2.4  1.5  -0.4 

A>N 

A  >  N 

*2  Nap  lAliafuctlon?7 

a.i  2.5  i.i 

A,  R>N 

2.1  1.5  -0.1 

A,  RAN 

A,R  >  N 

Ul  How  do  you  lull  now?6 

2.5  1.7  0.4 

A>N 

1.2  1.1  -1.1 

A,  R>N 

AA  N 

*2  How  do  you  tout  now?7 

1.1  1.5  1.2 

AAR,  N 

1.1  1.1  -0.1 

A.  RAN 

A  A  N 

1  Didnroni'oa  alqnlfieant  at  jt<  .10  (2-tatlad)  or  laaa  ara  rtportod. 

2  Ankud  at  nap  tarminatlon,  aubjacta  raapondad  to  a  quaatton  regarding  tha  tlma  atnoo  thay  arara  told  thay 
could  go  to  alnap  (mlnutai). 

3  A'lkad  I  minutaa  altar  tha  nap  lamination  (Minutaa). 

6  AiiHwarn  icortid  aa  Yaa  •  2,  not  aura  ■  1,  and  No  ■  0. 

s  txipth  waa  rotad  on  a  I  to  10  aoala  whara  10  waa  aa  daopky  aa  avar  alapt,  and  1  waa  not  hvan  droway. 

*  Hutud  within  10  minutaa  ol  nap  tamlnalion,  on  a  aoala  Imn  *1  (vary  napatlva)  through  0  (nalthar  naga- 
tiva  not  potntive)  to  *5  (vary  poattlva). 

7  R  >tad  within  40  and  10  minutaa  o(  nap  lamination. 


and  for  the  replication  by  DAY  2  of  the  current  study.  While  in  both 
studies  qroups  did  not  differ  significantly  in  either  post-nap  estimates 
of  sloop  depth  or  time  estimates,*  the  predicted  differences  in  post-nap 
satisfaction  and  how  subjects  felt  relative  to  before  the  nap  were  signifi¬ 
cant.  The  column  on  the  far  right  in  Table  6  displays  the  replicated  dif¬ 
ferences  . 

Appetitive  nappors  were  more  satisfied  with  their  nap  in  a  sleop- 
coniluciv/e  environment  both  immediately  after  the  nap  (6-10  mins,  post-nap) 


*There  was  some  Indication  from  our  earlier  work  that  nappers  and  non- 
nappers  differed  in  their  estimates  of  nap  length,  when  their  estimates  were 
compared  to  actual  sleep  lengths  from  stage  1  or  stage  2  sleep  onset.  These 
same  comparisons  were  completed  on  the  present  study's  data  (both  DAYS  2 
and  3),  and  the  earlier  results  were  not  replicated. 
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(£<  .01),  as  well  as  40-60  mins,  later  (£<.02),  compared  to  non-nappers. 

In  general,  replacemant  nappers  ware  also  more  satisfied  and  felt  better 
relative  to  non-nappers  (£<  .10  and  &<  .05),  though  the  magnitude  of  their 
ratings  was  smaller  than  appetitive  nappers.  While  non-nappers  were 
neutral-to-positivo  regarding  their  post-nap  satisfaction  (0.8  to  1.3)  and 
feeling  (0.4  to  1 ,2)  in  our  earlier  work,  the  ourrent  study  revealed  them  to 
bo  clearly  negative,  that  is,  they  reported  feeling  worse  after  the  nap  rela¬ 
tive  to  baforo  it  (-1.2  to  -0.8),  and  were  unsatisfied  (-0.4  to  -0.6). 

This  finding  sooma  consistent  with,  the  fact  that  on  DAY  2  non-nappors 
had  a  greater  proportion  of  doop  sloop,  and  a  subsequent  greater  pout-nap 
DAY  2  DST  aoauracy  decrement  than  nappers,  while  in  tho  earlier  study  they 
did  not  avorogo  more  slow-wave  sleep  (and  no  performance  was  assessed), 

Of  course,  in  the  sleep-conducive  environments  of  both  studios,  non-nappers 
hod  significantly  less  light  sleep  (stage  1)  than  appetitive  nappers, 

Thus,  subjective  ratings  of  nap  satisfaction  (and  feelings  relative  to 
boforo  tho  nap)  and  nap  sleep  infrastructure  differences  botwoen  groups 
appear  to  coinoido,  at  loast  lor  a  sleep-conducive  nap  environment.  Appe¬ 
titive  nappors  had  the  greatest  amount  of  light  sleep  and  the  highest  nap 
satisfaction  whilo  non-nappers  had  the  loast  amount  of  light  sleop  and  the 
lowest  nap  satisfaction.  Moreover,  when  non-nappers  had  a  greater  proportion 
of  deep  sloop,  thoir  nap  satisfaction  was  not  only  low,  but  averaged  a 
negative  value,  indicating  dissatisfaction. 

It  one  assumes  some  causal  link  betv  »:■'  these  physiological,  behav¬ 
ioral,  and  subjective  data,  then  an  argument  can  be  made  that  the  deeper  nap 
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sleep  of  the  non-nappers  likely  produces  their  greater  post-nap  performance 
decrement,  and  their  negative  feelings  about  the  nap.  Sinoe  naps  in  the  alert¬ 
ing  environment  of  DAY  3  radically  reduced  non-nappertt*  deep  sleep  percentage 
and  post-nap  DST  accuracy  decrement,  such  an  argument  would  predict  it 
should  also  have  reduced  non-nappers*  negative  feelings  about  that  nap.  How¬ 
ever,  to  make  such  a  prediction,  it  is  necessary  to  ignore  the  fact  that  non- 
nappers  indicated  they  were  less  tolerant  of  a  noisy  environment  (lower  PBSS 
scores).  This  latter  finding  could  result  in  DAY  3  producing  negative  feelings 
in  non-nappers  independent  of  sleep  infrastructure  differences. 

(2)  , YerAun jmsaailBioI imYiranimLaI,laliuaii >  Having  replicat¬ 

ed  tho  basic  group  differences  in  nap  sleep  staging  and  post-nap  satisfaction, 
the  effect  of  an  alerting  environment  (DAY  3)  on  post-nap  subjootive  ratings 
was  assessed  relative  to  a  sleep-conducive  environment  (DAY  2).  We  origi¬ 
nally  expected  that  for  subjects  who  slept  on  both  DAYB  2  and  3,  post-nap 
ratings  would  be  lower  (less  satisfied,  more  fatigue,  eta.)  following  tho  nap 
in  tho  somewhat  sloop-hostile  environment. 

Two-way  (groups  vs.  DAYS)  repeated  measures  ANOVAs  wore  completed 

on  each  of  tho  post-nap  subjootive  ratings.  Estimates  of  sleep  depth  and  some 

time  estimates  showod  no  effects  for  groups,  days,  or  interactions .  However, 

most  of  tho  satisfaction,  fatigue,  and  rofreshednoss  ratings,  within  minutes 

* 

of  nap  termination  as  woll  as  nearly  an  hour  later,  showod  main  effects, 

*Tho  fact  that  all  of  those  post-nap  rating  icalos  showod  similar  main 
affects  is  perhaps  not  too  surprising  considering  that  post-nap  satisfaction  was 
highly  correlated  with  "feeling  now"  (£-.73,  £<.0001)  and  rofreshodness  (£**.76, 
£<  .0001),  and  thesa  latter  two  were  correlated  with  each  other  (£".69,  £<  .0001), 
Ratings  oi  fatigue  wore  not  correlated  with  these  post-nap  ratings,  however,  but 
wore  correlated  with  aleopinees  (£-.69,  £<.0002),  tiredness  (p.63,  £<  .0002), 
and  tho  doacttvatlon-sloep  factor  of  the  AD-ACL  (j^.69,  £<  .0001). 


-  *V- 
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Those  data  are  displayed  in  Table  7 .  Interaction  ratios  wore  not  signifi¬ 
cant  and  therefore  \were  not  included  in  the  Table. 


TASLK  ? 

Mun  aubjaaiivi  uiin«i  tahan  I  mlnutaa  (#1)  anti  a««ln  40  to  40  Mln¬ 
utaa  (It)  (allowing  n*yt  by  *  ayyoiltlva  nt gp«n  (A),  i  royiatiamanl 
naoiti  (N)i  and  I  uonlirmal  nan-naypara  IN)  who  alayl  luriny  40«mln» 
uta  adamaen  nap  yariuiia  an  DAY  I  (ilaay-aanlualva  anvtnrnmanl)  an! 
DAY  1  (alartiny  anvironmanl). 


drauyil  DAYS1 

Coat-nay  luaatlon  Owa»  UAYt  PAY)  Il  l0  £t A0 


A 

?».l 
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0.1 
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N 
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•0.4 
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1.18 

N 
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•1.4 

A 
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•1  Haw  la  you  laal  now? 
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A 
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0,4 

4.41* 

4,00 

N 
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-1.4 
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1 
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1.41 
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1.4 

4,1 
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A 
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1.1 

4,1 

1,4 

1,14 

l.?4 

T‘ 

"V.V 

"  V,'6' 

11  How  rolruahinti  war  tha  nay? 

A 

1,1 

4,1 

4,00* 

0,10* 

N 

1.0 

1.1 

I  £  ratia  (or  main  affaut  Uatwaan  yroupi. 

II  £  ratio  (or  main  adafll  within  groupi  (a own  DAY!) .  No  intaraorion  £  ratio 
war  alyniduant, 


1  -I  (vary  nayativa)  through  0  (nalthar  nayailva  nor  yoaltlva)  to  *»  (vary  yoil- 
tlva). 

4  ratiyua  war  ratal  (rom  i  (no  fatlyua)  to  10  (aHtramoly  latliuad),  whlla  ra- 
Iraihalnan  wn  ratal  (rom  i  (not  rt(raihal)  to  10  (aatromaly  ra(raahal). 

*  gl.OI  or  lowtr. 


Lixamination  of  Table  7  reveals  that,  oontrary  to  our  prediction  of 


main  offocts  due  to  days,  subjects  who  slept  on  both  DAYS  2  and  3  gener¬ 


ally  had  no  consistent  difference  in  their  post-nap  ratings  on  the  two  days, 


The  bulk  of  the  significant  effects  were  simply  between-subjeots  (groups) 
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effects.  Similar  to  DAY  2 ,  nappers  were  more  satisfied  with  their  DAY  3 
nap,  and  felt  better  following  it,  oompared  to  r\on-nappera ,  Though  groups 
wore  not  aigni fioantly  different  in  ratings  of  fatigue  or  refreshedneii  imme¬ 
diately  after  the  naps,  nappers  ware  significantly  less  fatigued  and  more 
refreshed  than  non-nappers  40-G0  minutes  after  the  naps.  It  is  conceivable 
that  the  initial  ratings  on  these  scales  reflect  the  "nap  Inertia"  we  suggest 
is  associated  with  the  immediate  post-nap  performance  decrements .  The 
later  ratings,  at  least  for  nappers,  indicate  a  recovery  from  fatigue  coincident 
with  later  performance  increments, 

It  is  noteworthy  that  when  betweon-subjeots  £  ratios  wore  sign! fl¬ 
eam,  the  napper  group  showing  the  higher  ratings  on  any  given  question 
varied  between  DAYS  2  and  3,  While  appetitive  nappers  typically  averaged 
the  most  positive  post-nap  ratings  on  DAY  2,  replacement  nappers  hold  this 
distinction  on  DAY  3,  at  least  for  nap  satisfaction,  furthermore,  the  two 
variables  showing  a  main  effect  for  days  percent  of  time  asleep  estimates 
and  rufrosluxinoss  an  hour  after  the  nap  --  were  significant  primarily  because 
appoiiuvu  nappers  differed  significantly  between  nap  DAYS  2  and  3  on  these 
question!) .  They  judged  themselves  to  have  been  asleop  a  smaller  proportion 
of  thu  time  on  DAY  3  relative  to  DAY  2  (£<.  ,0B),  though  In  fact  they  had  not, 
end  rated  thomsolvos  as  less  refreshed  an  hour  after  the  DAY  3  nap  compared 
to  DAY  2  (ji<  .02),  Nevertheless,  thoy  continued  to  report  positive  feelings 
about  the  DAY  3  nap  overall,  and  their  post-nap  ratings  of  fatigue  wore  con¬ 
sistently  tlio  lowest  ol  all  groups  on  either  day. 

(3)  Immediato  vornus  delayed  oost-nap  subjective  effocts.  While 
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analyaea  at  each  aubjective  rating  time  point  after  nape  indicated  that 
the  change  in  nap  environment  had  little  effect  on  feelingi  about  the  nap, 
there  were  Home  Indication!  that  if  groupa  were  naaoaaed  aoroaa  both  poat- 
nap  time  pointa  (6-10  mina.  and  40-60  mine.)  within  each  nap  day,  differ¬ 
ence!  between  nap  DAYS  2  and  3  might  emerge.  Such  analyaoa  alao  permit 
an  evaluation  of  the  time-couran  of  aubjootive  effect!  fallowing  napa. 

Table  6  preaenta  the  poet-nap  aubjective  rating  data  diaplayed  for 

TABLE S 

Mian  iub|ioUv«  ralingt  takin  on  nip  DAVN  1  and  Si  i- 1 0  mlnulia  poitmap 
anb  again  40-60  minutti  puti-nap  by  I  ippitllivi  nappirt  (A),  9  rapUei» 
mini  nippiu  (H),  mb  I  eenllmid  non-nappari  (N)  who  ilipi  on  both 
DAW  I  mb  1, 
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companion*  within  subjects  acron  post-nap  tima  points.  Two-way 
repeated  measure  ANOVAs  wara  oarriad  out  within  aaoh  nap  day.  and  £ 
ratios  (or  main  affaots  ara  presented.  No  intaraotion  affaots  wara  signifi¬ 
cant. 

While  nap  satisfaction!  as  notad  aarliar,  was  lowar  overall  among 
non-nappcrs  on  both  DAYS  2  and  3.  and  though  satisfaction  did  not  change 
from  (j - 1 0  mins,  to  40-U0  min*,  post-nap  on  DAY  2  ,  it  dropped  significantly 
across  those  time  points  on  DAY  3  due  to  replacement  nappers  becoming 
lues  satisfied  lator  {&<  .05).  and  non-nappers  becoming  even  more  dissatii- 

it 

fiud  later  (^<  .05).  Appetitive  nappors  ware  somewhat  neutral  in  satis- 
faotion  on  DAY  3  at  both  timo  points. 

Similar  comparisons  for  "How  do  you  foal  now  compared  to  before 
the  nap?"  showed  that  all  group*!  especially  nappars,  felt  bettor  40-60  min¬ 
utes  after  both  naps  compared  to  Immediately  after.  As  with  satisfaction, 
non-napporu  felt  worse  aftor  nap  DAY  2  than  nappars,  especially  40-60 
minutes  post-nap,  However,  on  DAY  3  there  was  no  main  affect  for  groups, 
indicating  that  'hough  non-nappors  wore  very  nogativo  at  both  time  points, 
nolthur  nappor  group  was  significantly  moro  positive  than  the  non-nappors, 
despite  the  slight  rifle  in  toolings  acrosti  all  groups. 

Ratings  of  fatigue  showed  a  moro  consistent  pattern  within  oaoh  day, 
While  there  wore  no  botwoon-group  differences  within  DAYS  2  or  3,  all 
groups,  especially  nappors,  foit  loss  fatiguod  40-60  minutes  after  the  naps 
compared  to  (i - 10  mlnutos  after  tho  naps  (£.1 , 2 0"2 1.68,  £<  •  00 1; £.1  (2O"0,4®' 

* IV) at  hoc  Newmnn-Keuls  test. 
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J2<  .01).  These  changes  aoross  time  resulted  in  appetitive  nappers  being 
significantly  less  fatigued  than  non-nappers  at  40-60  mins,  post-nap  on 
both  nap  days  (see  Table  7 ,  post  hoc  tests;  £<  .001  and  £<  .01),  and 
replacement  nappers  being  less  fatigued  than  non-nappers  on  DAY  2  (£<  . ul). 

Finally,  ratings  of  refreshedness  within  each  nap  day  reveal 
profound  differences  between  DAYS  2  and  3 .  On  DAY  2  ,  appetitive  nappers 
were  more  refreshed  at  both  time  points  than  replacement  nappers  (£<  .01 
and  ji<.oi),  and  non-nappers  (a<,01  and£<.01),  while  replacement  nap- 
pors  wore  moro  refreshed  at  both  times  than  non-nappers  (£<  ,01  and 
£<  .05).  In  addition,  both  appetitive  and  replacement  nappers  had  a  sig¬ 
nificant  Inareaso  in  feelings  of  refreshedness  from  immediately  after  the 
DAY  2  nap  to  40-60  minutes  later  (fc<  .05  in  both  oasos).  None  of  these 
effects  were  present  on  DAY  3 ,  though  nappers  wore  slightly  more  refreshed 
than  non-nappers  at  both  time  points. 

Thus,  the  alerting  environment  of  DAY  3  adversely  affected  post-nap 
subjoctlvo  ratings  somewhat  more  than  the  data  in  Table  7  indicated.  There 
was  some  doclino  in  satisfaction  following  the  DAY  3  nap,  relative  to  DAY  2, 
as  wall  as  less  rofreshodness ,  and  somewhat  less  positive  feelings  in 
nappers  In  general.  Despite  these  offects,  however,  nappers  were  generally 
positive  about  the  DAY  3  nap,  while  non-nappers  were  unequivocally 
negative , 

Tho  similarity  in  negative  feelings  non-nappers  expressed  following 
naps  In  both  a  sleep-conducive  and  alerting  environment  contrasts  with 
tho  dissimilar  sleep  infrastructure  patterns  they  showed  during  these  two 
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naps.  Although  the  non-optimal  environment  of  DAY  3  radically  reduced 
non-nappers'  deep  sleep ,  while  reciprocally  increasing  their  light  sleep, 
and  though  their  DST  immediate  post-nap  accuracy  decrement  was  less 
severe  on  DAY  3 ,  non-nappers*  post-nap  subjective  ratings  were  unaffected. 
Were  non-nappers*  negative  feelings  strictly  the  result  of  increased  deep 
sleep  during  their  naps,  then  their  DAY  3  subjective  ratings  should  have 
been  less  negative.  While  it  is  possible  the  background  sound  '  of  DAY  3 
augmented  their  negative  feelings  about  the  nap,  it  seems  reasonable  to 
conclude  from  both  the  earlier  work  and  our  current  study  that  confirmed 
non-nappers  find  napping  unpleasant  regardless  of  nap  sleep  infrastructure 
and  napping  environment. 

An  alternative  possibility  deserves  consideration,  however.  Thus, 
our  confirmed  non-napper  population  was  selected  because  they  consistently 
reported  negative  consequences  following  naps.  It  would  not  be  surprising 
that  a  group  of  subjects  who  are  expecting  negative  effects  from  napping 
would  ascribe  such  effects  to  a  nap  even  if  that  particular  nap  did  not  have 
a  physiological  impact  which  would  normally  evoke  negative  consequences. 
Thus,  the  expectations  of  the  confirmed  non-nappers,  their  tendency  to 
attribute  negative  consequences  to  naps,  and  their  need  to  be  consistent 
in  ratings  might  all  have  combined  to  prevent  them  from  rating  the  DAY  3 
nap  in  a  more  positive  manner. 

b.  Subjective  effects  of  naps  versus  wake  control  periods.  While 
the  post-nap  subjective  ratings  provide  information  on  subjects'  evalua¬ 
tion  of  the  naps,  they  are  unique  to  nap  days,  and  consequently  permit  no 
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comparison  to  wake  control  periods.  When  assessing  the  subjective 
effects  of  naps,  it  is  relevant  to  also  determine  the  extent  to  which  feel¬ 
ings  change  around  control  periods  of  resting  wakefulness,  to  insure  that 
effects  observed  after  naps  are  related  to  subjects  having  slept.  Moreover, 
in  the  same  way  that  temperature  provided  information  on  subjects'  state 
upon  coming  to  the  laboratory  to  nap  or  not  nap,  sleepiness  and  subjective 
activation  ratings  surrounding  control  and  nap  periods  should  indicate 
the  degree  to  which  individuals  are  prepared  to  nap,  as  well  as  the  conse¬ 
quences  of  naps  and  wake  control  periods  on  these  parameters.  Thus,  we 
assessed  dimensions  of  tiredness  (alertness),  sleepiness,  and  aspects  of 
subjective  activation  throughout  all  experimental  days,  and  compared  ratings 
before  and  after  naps  on  DAYS  2  and  3  to  those  taken  around  wake  control 
periods  on  DAYS  1  and  4 . 

(1)  Tiredness.  A  10-point  self-rating  scale  with  "Fresh  as  a  daisy" 
equal  to  1  and  "Tired  to  death"  equal  to  10  was  completed  by  subjorts  upon 
arriving  at  the  laboratory  and  again  before  leaving  the  laboratory.  The 
scale  is  an  adaptation  of  a  7-point  "alertness"  scale  with  the  same  anchor 
point  descriptors,  originally  reported  by  Aschoff,  Giedke,  Poppel,  and 
Wever  (1972).  They  indicated  their  version  showed  circadian  variations 
in  "the  rhythm  of  alertness"  (p.  137).  We  sought  to  determine  if  the  scale 
would  document  the  subjective  benefits  of  naps  for  nappers. 

Figure  9  graphically  presents  groups'  mean  ratings  on  this  scale 
for  control  and  nap  days .  Within  each  laboratory  day  the  time  from  pre- 
to  post-session  varied  between  an  average  of  2-3  hours  for  control  days, 
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CONTROL  DAY  1  NAP  DAY  2  NAP  DAY  3  CONTROL  DAY  4 


Figure  9.  Mem  ««lf-ratlngs  of  tlradnasi  on  a  1  (frnoh  a«  a  daisy)  to  10  (tlrad  to  doath)  alartnoas  scat* 
adapted  from  Aschoff,  Gladka,  Popps!,  and  Wavsr  (1972).  Valuas  for  All  days  are  from 
9  appetitive  nappsrs,  9  replacement  nappars,  and  5  confirmed  non-nappars  who  slept  on 
both  afternoon  nap  DAYS  2  and  3,  Control  DAYS'  1  arid  4  pre-session  values  ere  30-43  min¬ 
utes  before  60-minute  woke  control  periods,  while  post-session  ratings  are  30-43  minutes 
after  control  periods .  Nap  DAYS'  2  and  3  pre-session  values  are  t0-S0  minutes  prior  to 
60-minute  nap  periods,  while  post-session  ratings  are  30-43  minutes  after  nap  periods. 


and  3-4  hours  for  nap  days.  The  graphs  include  the  S  non-nappers,  9 
replacement  nappers,  and  9  appetitive  nappers  who  slept  on  both  DAYS  2 


and  3  .  Changes  on  nap  days  were  compared  to  changes  across  control 


days  within  each  group,  using  treatment-by-treatment-by-subjects 
ANOVAs.  Groups  were  compared  within  each  day  uJing  ctroups-by-tlme 
(with  repeated  measures  on  times)  ANOVAs. 


The  results  of  these  analyses  more  than  confirm  the  conclusions 


possible  by  visual  inspection  of  Figure  9.  On  nap  days,  appetitive  nap¬ 


pers  had  an  overall  main  effect  for  time  from  pro-  to  post-session 

(111 , 24—33 .34,  £<.0001),  as  did  replacement  nappers  £.1  ,24=9.68,  £<  .005) , 
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but  neither  group  had  significant  effects  across  wake  control  days  (all 
F  ratios  less  than  1).  Nappers,  therefore,  showed  marked  decreases  in 
tiredness  (increases  in  alertness)  following  both  nap  DAYS  2  and  3,  rela¬ 
tive  to  before  naps  and  wake  control  periods . 

Non-nappers,  on  the  other  hand,  had  no  significant,  changes  in 
tiredness  within  either  nap  or  control  days .  The  only  r  ratio  greater  than 

1  for  this  group  was  for  a  main  effect  between  nap  days  (F^  12=3*08' 

£<  ,20),  such  that  they  were  somewhat  more  tired  on  DAY  3  than  on  DAY 
* 

2  .  This  was  likely  indicative  of  the  fact  that  non-nappers  averaged  sig¬ 
nificantly  less  TST  the  night  before  DAY  3  compared  to  the  night  before 
DAY  2  (£<  .05, .  They  apparently  came  to  the  laboratory  on  DAY  3  more 
tired ,  and  thus  more  of  them  slept  on  DAY  3 . 

The  only  significant  between-groups  difference  in  these  analyses 
was  for  appetitive  nappers  versus  replacement,  nappers  on  nap  DAY  3 
(£l  26*10*47,  B<.01),  such  that  appetitive  nappers  wore  less  tired  over¬ 
all  on  DAY  3  relative  to  replacement  nappers.  Similarly,  when  non-nappers 
were  included,  the  between-groups  DAY  3  £2,22  ratio  was  3.87  (j£<.01), 
with  appetitive  nappers  less  tired  overall  than  replacement,  and  non-nappers. 
Despite  the  appearance  of  appetitive  nappers  also  being  less  tired  than 
replacement  nappers  on  control  DAY  4,  the  effect  was  not  significant 

Though  both  napper  groups  had  decreases  in  tiredness  across  nap 

*This  was  true  for  the  7  non-nappers  who  slept  on  DAY  3,  and  all 
9  non-nappers  as  well,  including  the  4  who  were  unable  ;o  sleep  on 
DAY  2  . 


days,  Figure  9  suggests  that  the  DAY  2  decreases  were  of  a  greater  mag¬ 
nitude  than  the  DAY  3  decreases .  Indeed ,  analyses  of  combined  napper 
groups'  pre-nap  versus  post-nap  ratings  on  nap  days  yielded  an  interaction 
that  approached  significance  (F^  g^=3.78,  d  ,<.1C).  Similar  to  results  for 
post-nep  ratings  of  satisfaction  and  refreshedness,  the  alerting  environ¬ 
ment  of  DAY  3  somewhat  attenuated  alertness  increments  relative  to  the 
optimal  environment  of  DAY  2  .  Nevertheless,  nappers  generally  perceived 
themselves  to  be  less  tired  after  naps,  while  non-nappers  indicated  no 
change  in  alertness . 

(2)  Sleepiness .  Just  as  tiredness  ratings  on  nap  days  were  com¬ 
pared  to  control  days,  sleepiness  (10-pt.  scale)  ratings  before  and  after 
naps  were  compared  within  subjects  to  ratings  before  and  after  wake  control 
periods.  However,  unlike  tiredness  ratings,  sleepiness  was  assessed  re¬ 
peatedly  before  and  after  naps ,  to  track  changes  related  to  the  effects  of 
naps . 

Figure  10  displays  the  mean  sleepiness  ratings  for  groups  on  wake 
control  and  nap  days .  The  solid-line  graphs  for  DAYS  1  and  2  are  the 
averages  for  subjects  in  each  group  who  slept  on  DAY  2,  that  is,  5  non- 
nappers,  10  replacement  nappers,  and  10  appetitive  nappers .  The  broken- 
line  graphs  for  DAYS  3  and  4  are  the  averages  for  subjects  who  slept  on 
DAY  3  ,  that  is,  7  non-nappers,  9  replacement  nappers,  and  9  appetitive 
nappers.  Changes  across  nap  DAY  2  were  compared  to  changes  across  con¬ 
trol  DAY  1  within  each  group,  while  changes  across  nap  DAY  3  were  com¬ 


pared  to  control  DAY  4 . 


Flour*  10.  Maan  alaaplnaa*  rating!  on  a  l  (wld#  awaka,  no  daalra  to  *l**p) 
to  10  (tha  naad  (or  il**p  la  ov*rwh«lmlng)  aaU-rating  acala  (or 
varloui  tim*  point*  b*(or*  and  «(t*r  60-mlnutc  aftamoon  nap  and 
wak*  control  parlodi.  Data  (or  control  DAY  1  and  nap  DAY  2 
(•olid  lina*)  ara  from  lOappatltlva  nappara,  10  raplacamant  nap- 
para,  and  S  non-napport  who  alapt  on  DAY  2.  Data  (or  control 
DAY  4  and  nap  DAY  3  (brokan  Unaa)  ara  from  9  appatitive  nappara , 
9  raplacamant  nappara,  and  7  non-nappats  who  alapt  on  DAY  3, 


The  most  obvious  aspects  of  self-rated  sleepiness  depicted  in 
Figure  10  is  that  all  groups  displayed  the  same  characteristic  pattern 
across  nap  days,  such  that  the  main  effect  for  trials  (time)  was  signifi¬ 
cant  within  nap  DAY  2  (Fg  (  1O0=25.81,.  £<  .0001)  and  nap  DAY  3 
<*5.  100=11.85,  £<.001).  Sleepiness  did  not  change  during  the  roughly 
30-mlnute  period  between  subjects'  arrival  at  the  laboratory  on  nap  days, 


and  the  beginning  of  electrode  application.  However,  by  the  end  of  the 
50-minute  period  for  electrode  application,  as  the  nap  start  time  became 
imminent,  sleepiness  increased  significantly  in  all  groups,  especially 
nappers  (5  of  6  paired-^s  significant  at  £<.05,  two-tailed).*  Immediately 
after  the  60-minute  nap  periods,  sleepiness  was  similar  to  immediately 
before  the  naps,  but  by  30  minutes  post-nap,  all  groups  were  significantly 
less  sleepy  relative  to  immediately  after  the  naps  (all  paired-^s  signifi¬ 
cant  at  £<  .05,  two-tailed),  and  remained  so  75-100  minutes  after  the 
naps . 

Comparisons  between  post-nap  sleepiness  and  pre-nap,  as  well  as 
control  day  ratings,  revealed  that  for  nap  DAY  2  ,  replacement  and  appeti¬ 
tive  nappers  who  slept  had  significantly  less  sleepiness  at  both  time 
points  after  the  DAY  2  nap  relative  to  before  and  wake  control  ratings  (all 
paired-J.  values  for  both  groups  significant  at  £<  .05 ,  two-tailed) .  Of  the 
two  nappar  groups ,  appetitive  nappers  had  the  greater  differences  .  The 
same  comparisons  for  non-nappers  who  slept  on  DAY  2  revealed  only  one 
significant  difference  out  of  8  tests,  and  that  was  between  the  last  sleepi¬ 
ness  rating  on  DAY  2  and  the  first  rating  on  DAY  1  (£<  .05). 

Equivalent  comparisons  within  groups  for  nap  DAY  3  revealed  that 
again,  only  1  of  8  comparisons  between  post-nap  sleepiness  and  both 

*  Non-nappers  who  did  not  sleep  on  DAY  2  (n=4)  did  not  show  this 
preparatory  decrease  in  sleepiness  (£=0.21,  £>,20),  and  the  5  non-nappers 
who  slept  on  DAY  2  had  only  a  slight  decline  in  sleepiness  (£=1.36,  £<  .20). 
However,  the  7  non-nappers  who  slept  on  DAY  3  clearly  showed  the  effect 
(£=3.58,  £<.02),  as  did  both  napper  groups  on  both  nap  days  (alllvalues 
greater  than  2 .00  and  significant  at  £<  .10,  two-tailed,  or  lower). 
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pre-nap  and  control  day  sleepiness  was  significant  (a<.C5)  for  non-nap- 
pers  who  slept.  However,  contrary  to  DAY  2 ,  similar  results  were  found 
for  napper  groups .  While  both  replacement  and  appetitive  nappers  tended 
to  average  less  sleepiness  after  the  DAY  3  nap  relative  to  before  it  and 
wake  control  DAY  4,  fewer  of  the  differences  were  significant  within  each 
group.  Only  5  of  8  paired  -comparison  ^-values  for  replacement  nappers, 
and  3  of  8  for  appetitive  nappers  were  significant  at  £<.10,  two-tailed. 

The  decreases  in  sleepiness  seen  following  the  DAY  2  nap  for 
nappors  were  not  nearly  so  evident  following  the  DAY  3  nap.  This  is  fur¬ 
ther  evidence  that  the  alerting  environment  of  DAY  3  served  to  reduce  the 
positivo  subjective  effects  of  the  nap  relative  to  an  optimal  nap  environment. 
Similar  to  post-nap  satisfaction,  refreshedness,  and  tiredness,  sleopiness 
showed  an  effect  attributable  to  the  changed  nap  surroundings .  As  with 
nappers1  other  subjective  parameters,  the  degree  of  the  decrease  in  post¬ 
nap  subjective  effect  was  not  enough  to  totally  negate  some  subjective 
benefits  from  the  DAY  3  nap. 

.Similar  to  other  subjective  ratings,  especially  tiredness,  non-nap- 
pers  who  slept  on  nap  days  showed  no  marked  decrease  in  sleepiness  after 
naps.  However,  like  nappers,  they  tended  to  show  the  characteristic  in¬ 
crease  in  sleepiness  ratings  between  electrode  application  and  nap  onset. 
The  ubiquitousness  of  this  effect  is  likely  to  be  the  result  of  the  imminent 
demand  to  nap,  and  may  reflect  subject's  preparation  for  napping.  In  this 
regard,  it  is  noteworthy  that  the  4  non-nappers  who  did  not  sleep  on  DAY  2 
did  not  show  this  increase  in  sleepiness  immediately  before  the  nap  period 
(t = 0.21,  £  -'.20). 
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The  final  aspect  of  the  sleepiness  data  that  requires  discussion 
concerns  the  only  bo  tween-groups  effect  on  this  parameter.  Appetitive 
nappors  wore  significantly  less  sleepy  than  replacement  nappors  and  non- 
nappers  on  DAY  3  (I^20"6,68'  £<*01).  In  fact,  as  Figure  10  reveals, 
appetitive  nappers  w  .to  significantly  less  sleepy  before  their  DAY  3  nap 
relative  to  before  their  DAY  2  nap  (E.^ ( 4q»11  . 11 ,  £<.005).  This  confirms 
a  similar  finding  for  their  ratings  of  tiredness  (see  Figure  9)  on  DAY  3  rela¬ 
tive  to  DAY  2  ,  and  is  consistent  with  tho  fact  that  these  two  rating  scales 
are  highly  correlated  (£*.72,  £<  .0001).  It  appears  that  appetltivo  nappers 
came  to  tho  laboratory  on  DAY  3  loss  tired  and  less  sleepy  than  on  DAY  2  , 
though  thoro  was  no  difference  in  their  nocturnal  sloop  lengths  the  night 
boforo  laboratory  nap  days  . 

(3)  Mlfjnivq  /MlYlUSH-*  The  dg.ggUYfltoilrJtim  factor  of  tho 
AD -ACL  (Thayer,  1967)  includes  tho  following  adjectives:  sleepy,  tired, 

*k  it 

drowsy,  wide-awake,  and  wakeful.  This  factor  also  confirmed  that 
appetltivo  nappors  wore  significantly  loss  sleepy  than  replacement  nap¬ 
pors  and  non-nappors  on  DAY  3  (£g  ( io>“7.70,  £<  .005),  but  not  on  DAY  2  . 
Moreover,  deactivation-sleep  showed  the  same  post-nap  declines  on  DAY 
2  found  for  sloepiness.  That  is,  both  replacement  nappers  and  appetitive 

*What  we  refer  to  here  as  Bubjective  activation  is  sometimes  labeled 
assessment  of  mood  (Taub  et  al.,  1976). 

**1110  deactivation-sleep  factor  was  positively  correlated  with  ratings 
of  fatiguo  (£=*.69,  £<.0001),  sleepiness  (£=.65,  £<.0001),  and  tiredness 
(r=.63,  £ <  .0002);  negatively  correlated  with  ratings  of  post-nap  "feeling  now 
(r=>-.44,  £  <  .  02 ) ,  post-nap  refreshedness  (£“-.38,  £<.05),  and  the  AD -ACL 
general  activation  factor  (£—.56,  £<.0002). 
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nappera  had  significantly  less  deactivation-sleepiness  following  the 
DAY  2  nap  relative  to  pre-nap  levels  (paired -1  values  were  all  signifi¬ 
cant  at  £<  .01  or  lower).  Non-nappers 1  post-nap  values  on  this  factor 
were  not  significantly  different  from  their  pre-nap  levels . 

On  DAY  3  ,  neither  non-nappers  nor  replacement  nappera  had  sig¬ 
nificantly  different  deactivation-sleepiness  scores  relative  to  either  pre¬ 
nap  or  control  periods,  a  finding  similar  to  ratings  of  sleepiness.  How¬ 
ever,  appetitive  nappors  averaged  lower  scores  than  their  DAY  3  pre-nap 
value  (£"2.40,  £<.05),  and  their  DAY  4  post-control  period  value  (jf2,43, 

£<  .05).  There  is  some  indication,  therefore,  that  appetitive  nappera 
had  loss  deactivation-sleepiness  after  the  DAY  3  nap,  though  basically 
the  results  on  this  AD-ACL  factor  confirm  the  sleepiness  findings  reported 
above,  Tha  DAY  2  results  arc  in  good  agreement  with  Taub  ot  al.  *s  (1970) 
report  of  decreased  sleepiness  in  nappera  following  naps  in  an  optimal 
onvironmont,  rolativo  to  wake  control  periods,  though  Bortelson  (1979) 
was  uneblo  to  confirm  this, 

Bortelson  (1979)  could  also  not  repUoate  Taub  oi  al.'s  (1976)  find¬ 
ing  of  increased  general  activation  scores  in  nappera  following  naps  in  an 
optimal  environment  relative  to  a  control  period.  (General  activation 

includos  the  following  adjectives:  active,  energetic,  vigorous,  lively, 

* 

full-of-pop,  )  While  we  did  not  find  the  DAY  2  post-nap  general  activation 

*The  general  activation  factor  was  negatively  correlated  with  rating 
of  sleepiness  (£“-.39,  £<.05),  tiredness  (£—.48,  £<.01),  and  the  deactlva 
tlon-Bloep  factor  (£—.56,  £<  .001);  and  uncorrelated  to  all  other  subjective 
ratings  and  AD-ACL  factors. 
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factor  score*  of  nappers  significantly  higher  than  thalr  wake  control  peri¬ 
ods,  as  Taub  et  al.  (1976)  reported,  we  did  find  that  replacement  nappers' 
and  appetitive  nappers'  post-, tap  scores  were  significantly  above  their 
pro-nap  value*  (Rep.s  J;«3 .02  ,  £<  .02;  Jp»2.26,  ]*<  .05}  App.t^*2  ,28, 

£<  .05;  1*2 ,98,  a<  .02),  Similar  to  sleepiness,  non-napper*  showed  no 
significant  increases  in  general  activation  following  their  DAY  2  naps . 

On  DAY  3 ,  no  group  had  post-nap  general  activation  values  that  were  sig¬ 
nificantly  above  oithor  their  pre-nap  levels  or  wake  control  periods. 

While  Qertelson  (1979)  could  not  repliaate  Taub  et  al.'s  ( 197<>) 
finding  of  decreased  deactivation-sleepiness  and  increased  general  activa¬ 
tion  following  naps  by  habitual  nappers,  she  did  show  significant  effects 

on  the  other  two  factors  of  the  AD-ACL,  namoly,  high  activation  and  general 
# 

deactivation,  High  activation  includes  the  adjoctive*  of  littery,  intense, 
fearful,  clutahed-up,  and  tense.  Uertelson  found  this  factor  reduced  fol¬ 
lowing  naps  by  nappers  and  bedrest  by  non-nappers ,  while  gonoral  deactiva¬ 
tion  (placid,  calm,  at  rest,  still,  quiot)  was  increased  following  naps  by 

it  it 

nappers  and  bedrest  by  non-nappers,  Taub  ot  al,  (1976)  reported  no 
effects  on  those  factors,  Our  data  provide  some  support  for  both  positions. 

Wo  did  not  find  significantly  less  high  activation  following  naps  by 
any  ciroup,  relative  to  pre-nap  levels  as  Bcrtelson  (1979)  reported.  However, 

♦In  our  study  these  two  AD-ACL  factors  were  uncorrelatod  with  all 
other  subjective  measures,  and  only  slightly  (negatively)  correlated  to  each 
other  (£«-.34,  £<.06). 

**It  is  noteworthy  that  Bertelson  (1979)  also  found  significant  effects 
within  and  botween  groups  in  mood  as  assessed  by  the  Multiple  Affect  Adjec¬ 
tive  Checklist  (Zuckerman  &  Lubln,  1965). 
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appetitive  nappera  averaged  signifioantly  l«n  high  activation  after  both 
nap  DAYS  2  and  3  ,  relative  to  their  wake  control  period!  (DAY  2:^>  ranged 
from  2  .31  to  3 .12,  jl<  .05  or  lower;  and  DAY  3:1a  ranged  from  2  .07  to 

3  .27,  J2<  .  10  or  lower,  two-tailed).  Though  replacement  nappera  and  non- 
nappora  were  in  the  aame  direction,  their  reaulta  were  not  aignificant.  The 

4  non-nappera  who  did  not  aleop  on  DAY  2  alao  did  not  ahow  the  effect! . 

Unliko  all  other  AD-ACL  factor! ,  general  deactivation  did  not 
change  Significantly  acroaa  nap  period!  for  any  group  relative  to  either 
pre-nap  or  control  day  level!  .  Nonetheless,  thero  waa  one  aignificant 
main  effect  of  group!  on  thia  factor,  35  minutea  after  napa  CEa^O"3,56' 

£<  .05).  following  napa,  non-nappera  were  loaa  calm,  aa  aaaoaaod  by 
thia  factor  than  nappora.  Poat  hoc  Nowman-Keula  comparison!  between 
moans  revealed  that  neither  napper  group  waa  aignifioantly  above  non-nap- 
pors'  values  on  DAY  2  ,  but  following  the  DAY  3  nap,  both  appetitive  (b<  .05) 
and  replacement  nappora  (]£<  .05)  woro  higher  in  general  deactivation  com¬ 
pared  to  confirmed  non-nappers . 

Whon  AD-ACL  factor  scores  at  various  points  on  nap  days  were 
comparod  to  equivalent  point!  on  wake  control  daya,  a  conaistent  pattern 
omergod  at  one  particular  time  point  that  coincides  with  an  aspect  of 
sleepiness  ratings  presented  above.  The  AD-ACL  factor  scores  immediately 
prior  to  the  nap  periods  were  significantly  dif;  srent  from  the  factor  scores 
Immediately  prior  to  wake  control  periods.  Immediately  prior  to  nap  DAYS 
2  and  3,  compared  to  control  DAYS  1  and  4,  subjects  averaged  less  general 
activation  (£3  ( 60^5 . 96 ,  £<.005),  less  high  activation  (£3 ,60“7'29»  £<.001), 
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and  more  general  doactivation  (£3  # 60"*3 .10,  £<  .05).  The  effects  appeared 
equally  distributed  among  groups,  Just  as  sleepiness  ratings  increased 
immediately  prior  to  naps  (ste  Figure  10),  so  activation  declined  and 
calmness  increased. 

We  speculated  above  that  these  changes  may  reflect  a  preparatory 
response  for  napping.  Since  the  changes  were  not  observed  either  on 
control  days  or  in  the  4  non-nappers  who  did  not  nap  on  DAY  2  ,  wo  con¬ 
tinue  to  view  the  preparatory  response  as  the  most  parsimonious  explana¬ 
tion  for  tho  phenomenon.  What  makes  tliis  view  oven  more  compelling  is 
that  nappors  had  significantly  lower  body  tomperatures  prior  to  nap  days 
compared  to  wako  control  days  (see  Figure  5).  Thus,  both  physiological 
as  well  as  subjective  indices  of  activation  indicate  that  nappors  have 
lowered  activation  prior  to  napping.  While  it  may  be  possible  to  suggest 
this  is  tho  result  of  partial  sleep  deprivation  among  our  replacement  nap¬ 
pors,  this  explanation  cannot  account  for  tho  effect  among  appetitive  nap¬ 
pors  who  obtained  as  much  nocturnal  sleep  before  laboratory  nap  days  as 
boforo  wake  control  days, 

In  summary,  tho  subjective  data  present  a  remarkably  consistent 
picture  that  is  indicative  of  tho  high  intorcorrelations  among  various  subsets 
of  subjective  measures.  Nappers  derive  subjective  benefits  from  napping 
in  tho  form  of  increased  refreshedness,  feeling  better,  less  fatigue,  less 
tiredness,  less  sleepiness,  and  increased  activation,  relative  to  before 
naps,  and  periods  of  quiet  resting  activity.  Confirmed  non-nappers,  on 
the  othor  hand,  appear  to  derive  no  clear  subjective  benefits  from  napping, 
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though  no  unequivocally  negative  consequences  for  them  were  evident 
either.  Appetitive  nappers  appear  to  derive  the  most  subjective  benefits, 
at  least  for  naps  In  an  optimal  environment.  While  a  non-optimal  environ¬ 
ment  slightly  reduced  the  positive  feelings  and  increases  in  activation 
following  naps  by  nappers,  on  the  whole  nappers  continued  to  report 
subjective  benefits  from  naps,  even  in  the  alerting  environment.  Whereas 
moro  confirmed  non-nappers  were  able  to  sleep  in  the  alerting  (than  in  the 
optimal)  environment,  they  rated  the  consequences  of  that  nop  as  negative 
as  those  of  the  nap  taken  in  the  sloop-conducive  environment.  All  sub¬ 
jects,  particularly  nappers,  showed  an  increase  in  sleepiness  and  a 
deoroasc  in  activation  ratings  immediately  before  naps  indicative  of  a 
preparatory  rosponso  to  napping. 


Since  we  sought  to  investigate  the  functions  served  by  napping 
in  young  adults  selected  for  their  diverse  napping  patterns,  it  seemed 
reasonable  to  confirm  the  actual  napping  patterns  of  our  subjects,  outside 
the  laboratory,  in  the  broader  contexts  of  daily  activity,  nocturnal  sleep, 
circadian  fluctuations  in  activation,  and  sleep  need.  Moreover,  we  felt 
such  data  could  potentially  be  of  value  in  understanding  some  of  the  dif¬ 
ferences  observed  in  the  laboratory.  The  major  impediment  to  gathering 
such  data,  however,  was  gaining  the  full  cooperation  of  subjects  in 
keeping  detailed  daily  sleep  diaries,  and  circadian  logs.  While  this 
required  a  great  deal  of  effort,  the  99%  data  return,  the  detailed  nature 
of  the  data,  and  especially  the  findings  from  the  data  more  than  compen¬ 
sated  the  effort. 

The  following  sections  contain  the  results  on  the  relationships 
between  napping,  circadian  cycles,  and  sleep  need  in  appetitive  nappers, 
replacement  nappers,  and  confirmed  non-nappers.  The  data  provide  in¬ 
sights  into  the  functional  significance  of  napping  for  these  subjects, 
and  permit  a  greater  understanding  of  aspects  of  the  data  collected  in 
the  laboratory. 


During  the  14-day  period  between  nap  DAY  3  and  control  DAY  4, 


subjects  were  asked  to  record  their  oral  temperature  and  complete  the 
AD -AC I.  (Thayer,  1967),  five  times  a  day:  upon  arising  in  the  morning, 


noon,  3:30  p.m.,  7:30  p.m.,  and  just  before  retiring  at  night.  Subjects 
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adhered  to  these  recording  times  fairly  well,  and  there  were  no  differ¬ 
ences  between  groups  in  mean  time  of  any  recording.  For  all  subjects , 
the  average  recording  times  were:  9:40a.m.,  12:40  p.m.,  4:10  p.m., 

8:10  p.m.,  and  1:25  a.m. 

Single  values  on  each  variable  were  generated  for  individual  sub¬ 
jects  by  averaging  all  values  at  a  given  recording  time,  yielding  one 
value  for  each  of  the  five  recording  times  for  each  subject .  Group  values 
at  each  time  point  were  calculated  by  taking  the  median  score  of  all  sub¬ 
jects  on  a  parameter.  These  data  were  then  analyzed  non-parametrically  ,* 
using  Wilcoxon  matched-pairs  signed-ranks  and  Mann-Whitney  U-tests, 
to  avoid  making  assumptions  about  data  distributions,  since  data  were 
collapsed  both  within  and  between  subjects. 

Since  the  sleep  diary  was  also  completed  during  this  14-day 
period,  it  was  possible  to  separate  the  circadian  data  of  nappers  into 
nap  day  functions  and  non-nap  day  functions,  to  investigate  differences 
in  activation  on  days  subjects  napped  relative  to  days  they  did  not  nap. 
Figure  11  displays  the  resulting  circadian  functions  for  temperature  and 
the  four  subjective  activation  factors,  for  nap  days  and  non-nap  days  of 
appetitive  and  replacement  nappers  .  Since  non-nappers  did  not  nap  during 
the  14-day  period,**  their  data  reflect  only  non-nap  days. 

*The  minimum  significance  level  was  £<  .05.  All  comparisons 
reported  are  for  two-tailed  levels  of  significance. 

**Though  three  of  the  non-nappers  reported  napping  more  than  once 
during  this  period,  the  proportion  of  non-napper  naps  was  too  small  to  allow 
reliable  nap  day  circadian  functions  to  be  generated.  Nevertheless,  the 
non-napper  data  presented  in  this  section  includes  only  their  non-nap  days  . 


General  Activation  Deactivation-Sleep  High  Activation  General  Deactivation 


Figure  11,  Circadian  curves  for  oral  temperature  and  (our  subjective  activation  (actors 

from  the  AD-ACL  (Thayer,  1957)  on  nap  days  ( - — )  and  non-nap  days  (--• 

during  a  14-day  period. 


a.  Oral  temperature.  Temperature  curves  are  presented  as  the 


bottom  graphs  on  Figure  11 ,  Overall,  the  curves  reflect  a  circadian 
variation,  regardless  of  group  or  day,  The  greatest  changes  occur  from 
upon  arising  to  noon,  and  from  8:00  p.m.  to  just  before  bedtime  (£,<.0001 
in  all  oases).  In  addition,  similar  to  detailed  recordings  of  diurnal  vari¬ 
ation  in  temperature  (Coiquhoun,  1971),  the  peak  temperature  in  each 
of  these  curves  is  between  7:30  p.m.  and  8:30  p.m, 

The  most  notable  aspect  of  the  functions  appears  to  he  appetitive 
nappers'  characteristically  large  temperature  increase  from  4:00  p.m. 

(1600)  to  8:00  p.m.  (2000),  on  both  nap  and  non-nap  days,  relative  to 
replacement  nappers  and  non-nappers .  Since  the  functions  for  nap  and 
non-nap  days  were  not  significantly  different  within  respective  napper 
groups,  analyses  of  daytime  temperature  changes  were  conducted  on 
tho  data  lor  all  days  combined.  Wilcoxon  matched-pairs  signed-ranks 
tests  botween  the  three  midday  recordings  within  each  group  revealed 
that  no  group  had  a  significant  rise  in  temperature  from  12:30  p.m.  (1230) 
to  4:00  p.m.  (1600).  However,  appetitive  nappers  had  a  significant 
Increase  from  4:00  p.m.  to  8:00  p.m.  (n'ssll,  T=3,  £<  .01),  while  re¬ 
placement  nappers  (n'=ll,  T=*37)  and  non-nappers  (n'=9,  T=10)  did  not. 
Despite  this,  appetitive  nappers'  median  temperature  at  8:00  p.m.  was 
not  significantly  above  the  other  groups.  When  comparisons  were  made 
betwocn  12:30  p.m.  and  8:00  p.m.,  both  appetitive  nappers  (T»8,  £<.05), 
and  non-nappers  (T=2 ,  £<.01)  had  significantly  higher  temperatures  at 
the  8:00  p.m.  recording,  though  replacement  nappers  (T=14.5)  did  not. 


Replacement  nappers'  temperature  curve  was,  therefore,  somewhat 
flattened  relative  to  appetitive  nappers*  curve,  and  showed  no  significant 
increase  from  noon  to  early  evening.  This  is  not  inconsistent  with  tem¬ 
perature  data  collected  in  the  laboratory,  where  replacement  nappers 
tended  to  have  the  lowest  temperatures  during  the  afternoon,  while 
appetitive  nappers*  temperatures  were  less  likely  to  drop  across  naps, 
and  were  not  as  low  overall,  especially  on  DAY  3. 

The  one  prediction  we  had  made  regarding  circadian  temperature 
was  that  non-nappers  were  expected  to  have  significantly  higher  tem¬ 
peratures,  at  least  during  the  afternoon,  than  either  of  the  napper  groups' 
nap  days,  especially  replacement  nappers.  This  was  based  on  non- 
nappers*  higher  laboratory  temperatures  during  both  our  earlier  and  cur¬ 
rent  studies  (see  Figure  4).  This  prediction  was  not  confirmed.  Exami¬ 
nation  of  Figure  11  reveals  no  difference  between  groups. 

It  would  appear  that  it  is  incorrect  to  conceptualize  confirmed 
non-nappers  as  "poor"  daytime  sleepers,  analogous  to  Monroe's  (1967) 
poor  nighttime  sleepers,  whom  he  found  to  have  not  only  higher  body  tem¬ 
peratures  throughout  the  night  but  higher  autonomic  arousal  in  general. 
The  lack  of  diffeiences  between  groups  suggests  non-nappers  are  not 
"daytime  insomniacs .  "  Of  course,  more  frequent  temperature  measure¬ 
ments  during  the  day  might  have  revealed  subtle  differences.  Overall, 
however,  as  we  measured  it,  there  seems  to  be  no  fundamental  differ¬ 
ence  in  absolute  levels,  amplitude,  or  phase  of  the  temperature  rhythm 
between  nappers  and  non-nappers,  with  the  exception  of  appetitive  nap¬ 


pers  '  midday  function . 
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b .  Subjective  activation  (AD-ACL) . 

(1)  General  activation  and  deactivation-sl^ep.  These  factors 
relate  to  the  degree  to  which  individuals  report  feeling  energetic  and 
sleepy,  respectively,  and,  consequently,  are  generally  negatively  cor¬ 
related  (Clements  et  al. ,  1976,  have  indicated  that  they  are  opposite 
ends  of  a  continuum  rather  than  orthogonally  related) .  Indeed ,  the 
laboratory  data  presented  above  showed  these  two  factors  to  be  inversely 
related.  Circadian  curves  for  the  factors  are  presented  in  the  middle  of 
Figure  11 . 

As  with  oral  temperature,  the  most  noticeable  difference  in  these 
iactors  involved  appetitive  nappers .  Specifically,  they  were  signifi¬ 
cantly  less  generally  activated  at  4:00  p.m.  on  nap  days  relative  to 
non-nap  days  (T=l,  £<  .01),  and  they  reported  significantly  more  sleepi¬ 
ness  on  nap  days,  upon  arising  (T=3 ,  £<  .01),  at  noon  (T=4,  £<  .01), 
and  at  4:00  p.m.  (T=2 ,  £<.01).  In  contrast,  replacement  nappers  had 
no  significant  differences  in  these  factors  between  nap  and  non-nap  days. 

Moreover,  Mann-Whitney  U- tests  between  groups  revealed  that 
on  nap  days  appetitive  nappers  were  less  generally  activated  at  4:00 
p.m.  than  replacement  nappers'  nap  days  (U=30,  £<.05)  and  non-nap 
days  (U=2Q,  £<.02),  and  non-nappers'  non-nap  days  (U=6,  £<.002). 
Appetitive  nappers  were  also  less  activated  on  nap  days  at  8:00  p.m. , 
relative  to  replacement  nappers'  nap  days  (U=18,5,  £<.02)  and  non-nap 
days  (U-27,  £<.05). 

A  similar  pattern  of  between-group  differences  at  midday  was 
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seen  for  deactivation-sleep,  though  in  this  case  the  curve  that  was 
clearly  different  was  appetitive  nappers'  non-nap  day  values .  Not  only 
were  their  non-nap  day  values  prior  to  8:00  p.m.  significantly  below 
their  nap  day  values,  but  they  were  also  below  replacement  nappers' 
nap  days  at  noon  (U=30,  £<  .05),  and  4:00  p.m.  (U=7,  £<  .002);  re¬ 
placement  nappers'  non-nap  days  at  noon  (U=14,  £<.002),  4:00  p.m. 
(U-9.5,  £<.002),  and  8:00  p.m.  (U=I3,  £<.002);  and  non-nappers' 
non-nap  days  at  noon  (U=18,  £<  .02). 

Thus ,  appetitive  nappers  were  less  sleepy  at  noon  on  their  non- 
naP  days ,  relative  to  all  other  noon  values,  and  were  less  sleepy  at 
4:00  p.m.  than  replacement  nappers  .  Conversely,  appetitive  nappers 
were  less  activated  on  nap  days ,  at  4:00  p.m. ,  relative  to  all  other 
4:00  p.m.  medians,  and  were  less  activated  at  8:00  p.m.  than  both  re¬ 
placement  nappers '  values . 

This  is  an  unexpected  finding.  Appetitive  nappers  were  selected 
based  upon  their  reporting  they  nap  “even  whtn  they  don't  feel  tired. " 

Yet  these  data  indicate  that  they  are  significantly  less  generally  activated 
at  4:00  p.m. ,  which  is  when  the  bulk  of  their  naps  are  taken  (77%  between 
2:00  p.m.  and  8:00  p.m.).  On  the  other  hand,  they  are  rot  necessarily 
more  sleepy  on  nap  days  compared  to  replacement  nappers  and  non-nap¬ 
pers  .  Rather,  it  is  on  non-nap  days  that  the  appetitive  nappers  appear 
to  be  extremely  un-sleepy,  at  least  from  noon  to  4:00  p.m.  While  the 
lowered  general  activation  on  nap  days  may  reflect  their  preparation  for 
napping  —  if  not  their  reason  for  napping  —  the  lowered  sleepiness  on 
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non-nap  days  may  reflect  their  inability  or  lack  of  desire  to  nap  on  those 
days . 

In  terms  of  sleepiness,  we  doubt  that  the  low  ratings  character¬ 
istic  of  noon  and  4:00  p.m.  on  appetitive  nappers1  non-nap  days  are 
indicative  of  an  inability  to  nap.  There  are  two  reasons  for  this.  First, 
on  nap  DAY  3,  appetitive  nappers  had  significantly  less  self-rated 
tiredness  (see  Figure  9),  less  sleepiness  (see  Figure  10),  and  less  AD- 
ACL  deactivation-sleepiness.  Nevertheless,  9  of  11  napped  on  DAY  3. 
The  circadian  deactivation-sleep  values  at  noon,  4:00  p.m. ,  and  8:00 
p.m.  for  appetitives'  non-nap  days  are  virtually  identical  to  their  after¬ 
noon  deactivation-sleep  values  on  laboratory  DAY  3 ,  while  their  nap  day 
values  are  identical  to  their  laboratory  DAY  2  values.  Thus,  they  may 
be  profoundly  less  sleepy  on  certain  days,  and  therefore  choose  not  to 
nap,  but  if  asked  to  nap,  even  in  an  alerting  environment,  they  can  do 
so,  and  derive  benefits  from  it. 

This  account  of  the  laboratory  and  circadian  sleepiness  data  of 
appetitive  nappers  also  dovetails  with  an  SSSP  question  that  consistently 
separates  appetitive  nappers  from  replacement  nappers  and  non-nappers. 
When  asked,  "Could  you  nap  almost  anytime  during  daytime  hours  ?  " 
appetitive  nappers  respond  very  affirmatively,  while  replacement  nappers 
respond  with  uncertainty.  This  was  true  for  subjects  in  our  study  both 
six  months  before  the  laboratory  sessions  (A  vs .  R,  jd<  .01),  and  again 
at  the  last  laboratory  session  (£<.025),  and  is  consistent  with  prior 
work  (see  Evans,  1976).  Similarly,  appetitive  nappers  responded 


144. 


consistently  more  positively  to  questions  concerning  whether  they  could 
fall  asleep  on  a  train,  plane,  car,  etc.  (£<.001),  as  woll  as  whothor 
or  not  they  would  prefer  a  few  short  naps  per  24-hour  period  to  one  con¬ 
tinuous  nocturnal  sleep  period  (£<.05).  Clearly,  they  prefer  to  nap 
and  can  nap  in  a  wide  variety  of  circumstances,  and  thus  their  profound 
lack-  of  sleepiness  on  certain  days  appears  to  be  associated  with  a  lack 
of  desire  to  nap,  rather  than  an  inability  to  nap. 

Though  the  appetitive  nappers'  oircadian  fluctuations  in  activa¬ 
tion  and  sleepiness  were  to  some  extent  unexpected,  another  aspect  of 
these  data  that  was  significant  had  been  predicted.  We  had  hypothe¬ 
sized  that  nappers  should  experience  a  drop  in  general  activation  and 
a  reciprocal  rise  in  sleepiness  prior  to  their  naps  relative  to  non-nap 
days.  The  most  likely  place  for  these  effects  to  be  revealed  would  be 
the  time  between  the  noon  and  4:00  p.m.  recordings,  that  is,  during 
the  proverbial  post-prandial  dip,  and  shortly  before  the  majority  of  naps. 
Even  if  nap  and  non-nap  days  were  not  significantly  different  at  noon 
and  4:00  p.m.  values,  the  change  across  this  time  should  be  greater 
and  in  the  predicted  direction  on  nap  days . 

As  Figure  11  shows,  both  appetitive  and  replacement  nappers  dis¬ 
played  a  drop  in  general  activation  and  a  reciprocal  rise  in  sleepiness 
from  noon  to  4:00  p.m.  on  nap  days,  but  not  on  non-nap  days.  Non- 
nappers  showed  neither  effect.  Table  9  presents  the  median  change 
score  across  this  time  period  for  nap  days  and  non-nap  days  of  nappers 
and  non-nappers.  Wilcoxon  tests  were  carried  out  within  each  group  on 
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TABLE  9 

Median  change  In  AD-ACL  factors'  scores  from  noon  to  4:00  pm  for 
nap  days  and  non-nap  days  of  appetitive  neppers,  replacement  nap¬ 
pers,  all  nappers,  and  non-nappera  during  a  14-day  period. 


N 

nap  days 
1200-1600 

non-nap  days 
1200-1600 

Factor:  General  Activation 

Appetitive  nappers 

11 

-2.00* 

+0.22 

Replacement  neppers 

11 

-1.20* 

-0.21 

All  nappers 

22 

-1.66** 

+0.03 

Non -nappers 

9 

-0.15 

Factor:  Deactivation-Sleec 

Appetitive  nappers 

11 

+1 .09 

+0.40 

Replacement  nappers 

11 

+2.25* 

+0.19 

All  nappers 

22 

+1.67** 

+0.30 

Non -nappers 

9 

-0.51 

Factor:  Hlah  Activation 

Appotltlve  nappers  . 

11 

+0.83 

-0.76 

Replacement  nappers 

11 

+0.35 

-0.62 

All  nappers 

22 

+0.49 

-0.69 

Non-nappera 

9 

-0.25 

Factor:  General  Deactivation 

Appetitive  nappers 

11 

* 

GO 

O 

• 

—• 

+ 

+0.57 

Replacement  nappers 

11 

+1.50* 

-0.92 

All  nappers 

22 

+1.43** 

+0.30 

Non -nappers 

9 

+0.08 

*Wilcoxon  test  between  1200  and  1600  values  within  nap  days  yielding 
a  X  value  significant  at  £,<  .05. 

**X  value  significant  at  £<  .  01 . 
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the  noon  versus  4:00  p.m.  data.  The  changes  that  were  significant  are 
asterisked  in  Table  9. 

It  seems  clear  that  nappers  did  indeed  experience  less  energy 
and  greater  sleepiness  during  the  post-prandial  period  of  nap  days,  but 
not  non-nap  days .  While  the  effect  appeared  more  robust  for  general 
activation  in  appetitive  nappers,  the  replacement  nappers  showed  the 
greater  offect  in  sleepiness.  In  fact,  appetitive  nappers  did  not  actually 
have  a  significant  increase  in  sleepiness  on  nap  days,  though  when  com¬ 
bined  with  replacement  nappers,  all  22  nappers  together  changed  signifi¬ 
cantly  (T-34.5,  £<.01).  Conversely,  no  single  group  or  combination 
of  subjects  had  significant  changes  on  non-nap  days. 

(2)  General  deactivation  ..and  high  activation.  Like  general  acti¬ 
vation  and  deactivation-sleep  factors,  nappers  also  had  a  significant 
increase  in  general  deactivation  (calmness)  horn  noon  to  4:00  p.m.  on 
nap  days,  but  not  non-nap  days .  And  again,  non-nappers  showed  no 
change.  Table  9  details  the  change  scores  on  this  factor,  as  well  as  the 
high  activation  (tenseness)  factor,  which  did  not  show  significant  effects 
for  groups  or  nap  days,  though  Figure  11  suggests  appetitive  nappers 
might  be  lower  than  the  other  two  groups  overall. 

The  only  high  activation  difference  occurred  within  replacement 
nappors,  upon  arising  in  the  morning,  where  they  had  significantly  lower 
high  activation  on  nap  days  relative  to  non-nap  days  (£=11,  £<,025). 
Interestingly,  this  is  the  only  group  and  only  time  point  where  the  infor¬ 
mation  was  completed  at  significantly  different  times.  That  is,  replacement 
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nappers,  as  will  be  detailed  below,  awoke  consistently  earlier  on  the 
morning  of  nap  days  relative  to  non-nap  days,  and  this  is  reflected  in 
the  median  time  they  indicated  they  completed  the  AD-ACL  booklet  (nap 
days  =  8:50  a.m.  versus  non-nap  days  ■  9.34  a.m. ,  £<  .025).  Thus,  it 
is  uncertain  whether  replacement  nappers1  lower  high  activation  early  in 
the  mornings  of  nap  days  is  the  result  of  a  circadian  influence  on  the 
rating,  or  is  meaningfully  related  to  how  well  they  slept  the  night  before 
or  whether  they  plan  on  napping  later  in  the  day. 

The  post -prandial  increase  in  general  deactivation  on  appetitive 
nappers'  nap  days  resulted  in  their  4:00  p.m.  value  being  significantly 
highor  (l.e. ,  more  calm)  on  nap  days  relative  to  their  non-nap  days 
(T-10,  £<.025),  and  significantly  above  non-nappers'  non-nap  days 
value  (U=20,  £<  .05).  This  is  consistent  with  appetitive  nappers’  very 
low  general  activation  at  4:00  p.m.  on  nap  days,  and  further  emphasizes 
that  their  typical  pre-nap  state  is  one  of  lowered  energy  and  increased 
calmness . 

The  Increase  in  general  deactivation,  and  deactivation-sleep, 
as  well  as  the  decrease  in  general  activation  that  replacement  and  appe¬ 
titive  naDpers  report  between  noon  and  4:00  p.m.  on  nap  days,  appears 
somewhat  analogous  to  the  increase  in  sleepiness  (see  Figure  10)  and 
general  deactivation,  and  decrease  in  general  activation  and  high  activa¬ 
tion  seen  in  the  laboratory  between  an  hour  before  the  naps  and  immedi¬ 
ately  before  the  naps.  Though  the  laboratory  changes  were  over  a  much 
more  circumscribed  time  frame  and  may  have  been  a  function  of  experimental 
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demands,  the  similarity  seems  worthy  of  note.  The  fact  that  the  labora¬ 
tory  changes  were  not  seen  on  wake  control  days  and  the  circadian 
changes  were  not  seen  on  non-nap  days  increases  the  likelihood  that 
these  changes  are  indicative  of  a  preparatory  response  to  nap.  However, 
they  could  also  reflect  sleep  need,  though  the  concept  of  sleep  need 
should  then  be  confirmed  by  shortened  nocturnal  sleep.  Analyses  of 
sleep  diary  data  provided  information  relevant  to  this  issue. 

2  .  Sleep  Diarv  Results. 

The  30-day  sleep  diary  subjects  completed  between  laboratory 
DAYS  1  and  4  permitted  evaluation  of  the  typical  behavioral  activity 
and  slocp/wakefulness  patterns  of  nappers  and  non-nappers,  and  com¬ 
parison  of  appetitive  and  replacement  napping  patterns.  The  diary  also 
allowed  comparisons  of  nap  and  non-nap  days  (a  procedure  employed  in 
our  earlier  study  [Evans  &  Orne,  1975] )  to  determine  the  function  of 
napping  in  the  broader  context  of  sleep  need,  and  it  provided  important 
information  on  nocturnal  sleep  surrounding  the  laboratory  naps. 

a .  Behavioral  activity  in  nappers  and  non-nappers.  The  sleep 
diary  contained  a  number  of  questions  that  referred  to  physical  activity, 
mental  activity,  and  fatigue.  Though  we  had  no  clear  hypotheses  con¬ 
cerning  between-group  differences  in  these  areas,  we  nevertheless 
thought  it  important  to  assess  such  activity  in  the  event  that  it  accounted 
for  napping  behavior. 

Since  modern  restorative  theories  of  sleep  (e.g.,  Oswald,  1970) 
place  emphasis  on  energy  consumption  during  wakefulness,  they  also 


149. 


therefore  predict  changes  in  sleep  infrastructure  as  a  result  of  changes 
in  daily  physical  activity.  Indeed,  over  a  dozen  separate  studies  have 
been  carried  out  on  the  effect  of  energy  expenditure  (usually  exercise) 
on  sleep,  with  varying  results.  Bonnet  (1980)  lists  these  studies,  and 
reports  a  well-controlled  investigation  he  conducted,  which  shows  per¬ 
formance  and  mood  decrements  following  wake  energy  expenditure  equiv¬ 
alent  to  40  hours  of  sleep  deprivation.  The  decrements  he  observed 
closely  approximated  sleep  deprivation  decrements ,  but  unlike  sleep 
deprivation,  nocturnal  sleep  following  the  exercise  was  unchanged. 

Lack  of  clear  effects  from  such  energy  expenditure  on  sleep 
might  suggest  that  different  levels  of  physical  activity  are  unrelated  to 
whether  an  individual  naps  or  not.  That  is,  napping  may  be  the  sole 
result  of  sleepiness,  reflecting  sleep  need,  largely  independent  of 
fatigue  from  energy  expenditure.  If  this  is  the  case,  then  nappers  and 
non-nappers  should  not  differ  in  their  patterns  or  amounts  of  physical 
activity. 

Table  10  displays  the  mean  30-day  sleep  diary  answers  to  ques¬ 
tions  concerning  behavioral  activity  in  both  napper  groups  and  confirmed 
non-nappers.  The  between-groups  F  ratios  are  also  presented,  along  with 
post  hoc  Newman-Keuls  comparisons.  Clearly,  groups  did  not  appear  to 
differ  in  the  frequency  of  physical  or  mental  activity,  or  related  questions. 
More  detailed  analyses  of  physical  activity  patterns,  including  the  type 
of  activity,  time  of  day,  duration  of  activity,  etc.,  also  revealed  no 
differences  between  nappers  and  non-nappers . 
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TABLE  10 


Mean  sleep  diary  responses  to  questions  regarding  behavioral  activity 
over  a  30-day  period  for  appetitive  nappers  (A),  replacement  nappers  (R), 
and  non-nappers  (N). 


A 

R 

N 

Groups1 

post-hoc^ 

Sleop  Diary  Question  N« 

11 

11 

9 

£2,28 

results 

Read  or  watch  TV  before  going 
to  sleep  last  night?  (Y«l  ,N«0) 

0.35 

0.34 

0.48 

0.81 

How  long  were  you  outdoors 
yesterday?  (hrs:mins) 

1.37 

2.28 

2.23 

1.69 

Any  regular  physical  exercise 
yesterday?  (Y«l  ,N*0) 

0.28 

0.25 

0.25 

0.05 

Any  special  physical  exercise 
yesterday?  (Y-1.N-0) 

0.14 

0,23 

0.15 

0.80 

Did  you  concentrate  especially 
hard  yesterday?  (Y»1,N*0) 

0.29 

0.27 

0.30 

0.12 

Did  you  have  any  difficulty 
concentrating?  (Yml,N*0) 

0.18 

0.19 

0.24 

0.50 

Time  you  felt  most  tired 
yesterday? 

1651 

1814 

1627 

2.41 

At  any  time  yesterday  were  you 
fighting  off  sleep?  (Y-1.N-0) 

0.23 

0.26 

0.26 

0.18 

How  many  cups  of  coffee  or  tea 
did  you  have  yesterday? 

0.73 

1.48 

2.08 

2.61 

How  many  cups  of  coffee  or  tea 
in  the  last  3  hours? 

0.04 

0.13 

0.39 

6.01* 

A,  R<N 

1  £  ratio  for  main  effect  between  groups. 

2  Newman -Keuls  comparisons  between  means,  £<.05  or  lower. 
*£<.01 


The  only  sigr  ificant  F  ratio  was  for  the  number  of  cups  of  coffee 
or  tea  in  the  last  three  hours,  with  non-nappers  reporting  more  coffee-tea 
consumption  than  cither  napper  group  (j3<  .05).  While  there  was  a  similar 
trend  for  coffee-tea  consumption  during  the  entire  day,  it  was  not  signifi¬ 
cant.  Furthermore,  when  stimulant  consumption  (e.g.  ,  tobacco,  coffee, 
tea)  was  assessed  on  other  questions  during  the  study,  groups  did  not 
differ  significantly,  though  there  remained  a  pattern  of  non-nappers  taking 
slightly  more  coffee  than  appetitive  nappei-. 

The  significant  F,  found  for  coffee  consumption  in  the  last  three 
hours  was  associated  with  significant  differences  in  the  times  subjects 
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completed  the  sleep  diary  each  day.  While  they  were  all  asked  to  com¬ 
plete  it  shortly  after  awakening  in  the  morning,  appetitive  nappers  did  so 
significantly  sooner  than  replacement  nappers  (j><  .10)  and  non-nappers 
(£<  .05).  In  fact,  non-nappers  completed  the  diary  an  average  of  3  hours 
and  46  minutes  after  awakening,  compared  to  appetitives'  1  hour  and  5 
minutes  (£<  .05).  It  is  possible  that  non-nappers  had  more  time  in  which 
to  drink  coffee  (prior  to  diary  completion),  and  consequently  reported  more 
coffee  consumed  within  the  last  three  hours. 

Groups  not  only  did  not  differ  consistently  in  coffee  intake,  but 
they  also  did  not  differ  in  their  medicinal  drug  intakes  or  their  illicit 
drug  consumption,  both  of  which  appeared  surprisingly  low.  No  group 
consistently  used  aspirin,  tranquilizers,  sleeping  pills,  or  similar 
sleep  aids  to  go  to  sleep,  and  conversely,  no  group  consistently  used  No- 
Doz  and  stimulants  to  stay  awake.  Finally,  groups  did  not  differ  in 
physical  characteristics  such  as  height  (5 '5"  -  6 ' 1 ")  and  weight  (115  -  180 
lbs.). 

b .  Characteristics  of  nighttime  and  daytime  sleep  in  nappers  and 
non-nappers .  Just  as  we  did  not  anticipate  differences  in  behavioral  ac¬ 
tivity  between  nappers  and  non-nappers,  we  did  not  expect  to  find  nocturnal 
sleep  differences  between  them.  However,  we  understandably  expected  the 
3  0 -day  diary  to  document  that  nappers  napped  frequently  during  the  daytime, 
relative  to  non-nappers,  with  appetitive  nappers  napping  the  most. 

Aside  from  confirming  the  daytime  napping  patterns  of  our  sub¬ 
jects,  examination  of  the  diary  sleep/wakefulness  patterns,  as  well  as 
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nocturnal  sleep  characteristics  in  our  nappers  and  non-nappora,  was 
essential  to  insure  napping  differences  were  not  the  product  of  pro¬ 
found  nocturnal  sleep  differences.  For  example,  one  might  view  our 
daytime  nappers  as  nocturnal  insomniacs,  who  must  sloop  In  the  day  to 
compensate  for  an  assumed  inability  to  go  to  sleep  or  maintain  sleep 
during  the  night.  Alternatively,  one  could  argue  that  confirmed  non- 
nappers  do  not  nap  because  they  are  insomniacs  at  all  times,  and  thus 
also  have  poor  nocturnal  sleep  efficiency.  While  wo  have  maintained 
that  replacement  nappers  likely  nap  to  compensate  for  lost  nocturnal 
sleep  (Evans  &  Orne,  1975),  we  have  suggested  this  lost  night  sloop 
resulted  from  their  voluntary  shortening  of  sloop  duo  to  perceived  work 
demands  rather  than  any  sloop  probloms.  Further,  in  this  study  wo 
eliminated  all  subjects  who  roportod  difficulty  with  noatumal  sloop,  Con¬ 
sequently,  we  expected  normal  nocturnal  sleep  characteristics  Ln  all 
groups  , 

Table  11  presents  the  mean  nocturnal  and  daytime  sloop  param¬ 
eters  during  the  30  days,  for  all  3  groups,  along  with  botwoon-group  1'. 
ratios,  and  post  hoc  tests.  As  predicted,  there  were  no  differences  In 
nocturnal  sleep  patterns,  and  all  subjects  appeared  normal  and  non¬ 
insomniac.  They  all  tended  to  go  to  bed  around  tho  same  time  (non-nappors 
were  slightly  later  on  the  average),  fall  asleep  fairly  quickly,  sloop  well, 
not  wake  up  or  get  up  during  the  night,  sleep  around  7  hours,  and  awoke 
about  the  same  time  of  the  morning.  They  felt  thoy  dreamt  about  60%  of 
the  time,  and  recalled  about  60%  of  the  dreams  (replacement  napporn 
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TABLE  11 

Mean  sleep  diary  responses  to  questions  regarding  nocturnal  sleep  and 
daytime  napping  over  a  30>day  period  for  appetitive  nappers  (A),  replace¬ 
ment  nappers  (R),  and  non -nappers  (N). 


Sleep  Diary  Question  N« 

A 

11 

R 

11 

N 

9 

Groups 1 
£2,26 

post-hoc^ 

results 

Did  you  sleep  well  last 
night?  (Y-1.N-0) 

0.91 

0.88 

0.77 

2.17 

How  deeply  did  you  sleep? 
(1-10} 

7.58 

7.48 

6.85 

0.70 

What  time  did  you  go  to 
sleep  last  night? 

'  0156 

0146 

0229 

2.51 

How  long  to  fall  asleep? 
(mins) 

15.9 

14.7 

19.0 

0.46 

Did  you  wake  up  during  the 
night?  (y-i.n-0) 

0.31 

0.31 

0.17 

1.62 

Did  you  get  up  during  the 
night?  (Y-1.N-0) 

0.11 

0,12 

0.12 

0.02 

Did  you  dream? 

(Y-1.N-0) 

0.62 

0,61 

0.54 

0.22 

Do  you  recall  the  dream? 
(Y-l,N-0) 

0.64 

0.52' 

0.78 

3.28 

How  long  did  you  sleep 
last  night?  (hrsimimi) 

7:12 

7:07 

6:49 

1.30 

What  time  did  you  wake 
up  this  morning? 

0910 

0904 

0907 

0.03 

Did  you  nap  yesterday? 
(Y«1,N*0) 

0.40 

0.29 

0.05 

21.04* 

A>R>N 

How  long  was  the  nap? 
(hrsimins) 

1:06 

1:22 

.  1:14 

0.67 

V/ os  the  nap  a  good  one? 

(Y*l  ,N=0) 

0.81 

0,84 

0.35 

10.22* 

A,  R>M 

Wore  you  refreshed  after 
the  nap?  (Y=1,N«0) 

0.73 

0.83 

0.32 

10.97* 

A,  R>N 

I  napped  lying  down  (1), 
sitting  up  (2). 

1.15 

1.26 

1.32 

2.14 

1  r  ratio  for  nain  effect  between  groups. 

2  Nowman-Keuls  comparisons  between  means,  £<.05  or  lower. 

*£<.001 


★ 

appeared  to  recall  somewhat  fewer  dreams  than  non-nappers).  Not 
only  were  the  mean  differences  presented  in  Table  11  non-significant, 
but  compari  son  of  each  group's  variance  on  each  diary  question  (using 
Hartley's  £max  test)  also  showed  no  differences. 

In  addition  to  the  sleep  diary  confirming  no  differences  between 
nappers  and  non-nappers  in  nocturnal  sleep  patterns,  questionnaires 
administered  in  the  laboratory  also  revealed  a  lack  of  differences.  In 
particular,  the  morning  ness -evening  ness  questionnaire,  developed  by 
Home  and  Ostberg  (1976)  for  the  purpose  of  assessing  differences  in 
circadian  sleep/wakefulness  rhythms,  yielded  no  significant  between- 
group  difierence  (appetitives '  X=42.55;  replacements'  X=44.27;  non- 
nappers"  X -4 1.78).  All  three  groups  had  some  evening  types,  and  no 
morning  types,  with  the  majority  of  subjects  being  neither  type.  The 
fact  that  Webb  and  Bonnet  (1978)  have  reported  differences  in  the  sleep 
and  napping  patterns  of  extreme  morning  and  evening  types  makes  our 
result  all  the  more  important,  since  it  appears  this  parameter  cannot 
account  for  our  napper  -  non-napper  napping  differences. 

Finally,  personality  questionnaires ,  such  as  Zuckerman's  Sensa¬ 
tion-Seeking  Scale  (Zuckerman,  Kolin,  Price,  &  Zoob,  1964)  and  the 
Maudsley  Personality  Inventory  (Eysenck,  1956,  1959),  revealed  no  dif¬ 
ferences  between  grouDS,  further  confirming  that  neither  nappers  nor  non- 


*  All  diary  data  were  analyzed  for  differences  be'-veen  weekdays  and 
weekends.  The  only  significant  difference  was  that  ppc  '.tive  nappers  awoke 
45  minutes  later  on  weekend  mornings  relative  to  wee1,  My  (T=4,  £<  .01). 
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nappers  have  personality  characteristics  similar  to  those  reported  for 
insomniacs  (Coursey,  Buchsbaum,  and  Frankel,  1975).  Other  inventories, 
such  as  Barron's  (1953)  Ego  Strength  scale  from  the  MMPI,  the  socializa¬ 
tion  scale  (Gough,  1960)  from  the  CPI,  and  the  Crowne- Marlowe  Social 
Desirability  scale  (Crowne  &  Marlowe,  1960)  also  showed  no  differences 
between  groups  nor  any  abnormal  scores.  It  is  noteworthy  that  Lawrence 
(1971)  also  found  no  personality  differences  between  nappers  and  non- 
nappers . 

Returning  to  the  diary  data  presented  in  Table  11 ,  it  is  clear  that 
the  only  area  showing  major  differences  between  groups  involved,  as 
expected,  questions  concerning  daytime  napping,  where  the  F  ratios  were 
significant  at  £<  .001  or  lower.  Appetitive  nappers  reported  napping  on 
40%  of  the  days,  which  was  significantly  above  replacement  nappers'  29% 
(£<  .05),  both  of  which  were  higher  than  non-nappers*  5%  (£<  .001).  The 
typical  nap  duration  was  slightly  over  an  hour  in  all  groups.  However, 
judgments  of  whether  or  not  the  nap  was  good  and  refreshing  revealed 
nappers  to  be  significantly  mure  positive  than  non-nappers  (£<.001  in  all 
cases).  The  similarity  of  these  subjective  effects  to  those  found  following 
the  laboratory  naps  (see  Table  7)  leaves  little  doubt  that,  our  confirmed  non- 
nappers  do  indeed  find  naps  very  unpleasant,  and  actively  avoid  napping, 
while  nappers  nap  frequently  and  report  very  positive  effects  from  over 
80%  of  their  naps  . 

c.  Napping  patterns  in  appetitive  and  replacement  nappers.  The 
sleep  diary  also  included  information  on  the  characteristics  of  daytime 
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sleep  in  our  two  napper  groups.  Table  12  displays  the  total  number  of 

* 

naps  for  each  group  during  the  30-day  period .  Consistent  with  the 

TABLE  12 

Appetitive  (A)  and  replacement  (R)  nappers'  nap  parameters  taken  from 


sleep  diaries  during  the  30-day  period  between  laboratory  DAYS  1  and  4. 

A  R  Mann-Whitneyl 

Total  number  of  naps 

181 

131 

Number  of  naps  per  subject 

17 

11 

£-28,  £<.025 

Number  of  naps  per  week 
per  subject 

3.2 

2.6 

£-34,  £<.05 

Percent  of  naps  between 

1200  and  1800 

72% 

72% 

Time  of  nap 

1SS4 

1625 

£-34.5,  ns 

Nap  duration  (mins) 

60 

90 

£-51,  ns 

Time  from  morning  awakening 
to  nap  onset  (hrssmins) 

7:08 

7:57 

£-50,  ns 

1  TWo-tailed  teats. 

predictions,  appetitive  nappers  had  significantly  more  naps  per  subject, 
and  more  naps  per  subject  per  week,  a  result  in  full  accordance  with  survey 
nap  frequency  data  reported  by  hundreds  of  replacement  and  appetitive 
nappers  (see  Figure  3). 

Though  it  appeared  that  appetitive  nappers  had  an  earlier  nap  onset 
time,  the  difference  was  not  significant,  nor  were  nap  duration  and  time 
from  morning  awakening  to  nap  onset  significantly  different  between 

*The  values  presented  in  Tables  12  and  13  are  medians,  and  the 
statistical  analyses  are  nonparametric ,  since  the  data  are  the  result  of 
pooling  within  and  between  subjects  and  we  did  not  wish  to  make  assump¬ 
tions  regarding  the  nature  of  the  data  distributions.  Nevertheless,  all 
significant  comparisons  were  confirmed  parametrically. 


157. 


■i 


E*i 


i.' 

s  j 


> 

; 


-j 


a 

3 

J 

M 

a 

i 


appetitive  and  replacement  nappers.  Figure  12  contains  the  distribution 
of  each  group's  naps  (nap  onset  time)  across  the  time  of  day.  The  slight 


Tim*  o l  day 


Flgur*  12.  Proportion  of  napi  dutrlbuted  aero**  time  Of  day  tor  appetitlv* 
nappar*'  141  nap*,  and  r*plac#m*nt  napper*'  131  nap*.  Data 
ar*  from  th*  30-day  *l**p  dlarl**  compUttd  b*tw*cn  laboratory 
DAYS  1  and  4. 


tendency  for  appetitive  nappers  to  begin  naps  somewhat  earlier  in  the  day 
was  largely  a  function  of  their  having  more  naps  begin  between  2  and  3  p.m. 
relative  to  replacement  nappers  (£<  .05),  while  the  latter  group  tended  to 


have  more  naps  later  in  the  evening,  that  is,  after  9  p.m.  Despite  re¬ 


placement  nappers'  nap  onset  times  appearing  somewhat  more  variable, 
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both  groups  had  roughly  three  quarters  (72%)  of  their  nap  onsets  during 
the  afternoon,  between  noon  and  6  p.m. ,  with  the  highest  proportion  of 
naps  (over  33%)  in  the  middle  of  the  afternoon,  between  2:30  p.m.  and 
4:30  p.m. 

The  higher  frequency  of  napping  among  appetitive  nappers  is 
consistent  with  their  reports  of  being  able  to  fall  asleep  almost  any  time 
o.'  day,  and  while  riding  in  a  car,  bus ,  airplane,  or  train,  as  well  as 
their  greater  desire  for  a  few  short  naps  per  24-hour  period  relative  to 
one  continuous  period  of  sleep.  It  must  be  emphasized  that  these  indi¬ 
viduals  are  not  narcoleptic,  since  they  clearly  do  not  experience  uncon¬ 
trolled  sleep  onset.  Rather,  they  appear  to  have  increased  control  of 
sleep  onset,  and  use  that  control  to  nap  frequently,  in  a  variety  of  situ¬ 
ations  even  when  they  do  not  feel  tired.  Though  replacement  nappers  also 
appear  to  nap  frequently,  and  indicate  they  have  some  control  over  sleep 
onset,  they  state  that  they  nap  only  when  they  feel  tired.  It  seems  likely, 
therefore,  that  their  naps  are  in  response  to  increased  sleep  need. 

d .  Daytime  napping  in  relation  to  nocturnal  sleep. 

(1)  Nocturnal  sleep  characteristics  on  nap  and  non-nap  days.  Our 
earlier  work  (Evans  &  Ome,  1975)  had  indicated  that  the  primary  reason 
replacement  nappers  nap  is  due  to  their  getting  less  sleep  the  night  before 
nap  days  relative  to  the  night  before  non-nap  days  (t=2.10,  £<.05).  Theii 
truncated  sleep  appeared  to  be  the  result  of  awakening  about  46  minutes 
earlier  on  nap  days.  Interestingly,  replacement  nappers  more  often  slept 
less  well  the  night  after  a  non-nap  day  relative  to  the  night  after  a  nap 
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day  (t=2.23,  £<.05).  Appetitive  nappers,  on  the  other  hand,  had  no 
clear  differences  in  nocturnal  sleep  between  nights  prior  to  and  following 
a  nap  day  versus  a  non-nap  day. 

We  sought  to  replicate  these  results,  using  a  14-day  period  of  our 
diary  data,  between  laboratory  DAYS  3  and  4,  since  the  original  findings 
were  based  upon  a  2-week  period.  Table  13  contains  the  mean  values 

TABLE  13 

Mean  nocturnal  sleep  values  for  nights  before  nap  days  (B) ,  after  nap  days  (A) ,  before  non-nap 
days  (B-),  and  after  non-nap  days  (A— ) .  derived  from  a  14-day  period  between  laboratory  DAYS  3 
and  4,  for  11  appetitive  nappers  (A),  11  replacement  nappers  (R),  and  9  non-nappers  (N). 


nocturnal  sleep  conditions 


question 

group 

B 

A 

B- 

A- 

wlthln-group  comparisons  (£<)* 

What  time  did  you  fall 

A 

0205 

0206 

0206 

0154 

astaap  last  night? 

R 

0157 

0137 

0146 

0146 

N 

— — 

0232 

0232 

_____ 

Did  you  sleep  wall  last 

A 

69 

64 

86 

87 

night?  (%  yes) 

R 

91 

94 

86 

85 

A  >  A-  (.005) 

N 

— 

.... 

74 

72 

What  time  did  you  wake 

A 

0903 

0920 

0916 

0909 

up  this  morning? 

R 

0632 

0658 

0910- 

0904 

B  <  B-  (.025),  B  <  A  (.025) 

N 

.... 

.... 

0919 

0911 

How  long  did  you  sleep 

A 

7:03 

7:17 

7:21 

7:15 

last  night?  (hrsjmlns) 

R 

6:36 

7:09 

7:27 

7:18 

B  <  B-  (.01),  B  <  A  (.025) 

N 

_ i 

—  — 

—  — 

6:50 

6:50 

*  Wllcoxon  matched-pairs  sltsiad-ranks  tests  within  each  group,  between  nocturnal  conditions. 
Probability  levels  are  1 -tailed,  since  significant  differences  were  predicted.  Comparisons  were 
not  made  between  conditions  B  &  A-,  and  B-  &  A. 


for  nocturnal  sleep  onset,  offset,  length,  and  quality  of  sleep  for  each 
group,  on  niyhts  before  nap  days  (B),  before  non-nap  days  (B-),  after  nap 
dnys  (A),  and  after  non-nap  days  (A-).  Wilcoxon  matched-pairs  signed- 
ranks  tests  between  these  four  conditions  within  each  group  revealed  a 
full  replication  of  our  original  findings  . 

Replacement  nappers  slept  an  average  of  51  minutes  less  on  nights 
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prior  to  days  they  napped  relative  to  nights  before  non-nap  days  (£<  .01), 
and  an  average  of  33  minutes  less  compared  to  nights  following  nap  days 
(£<  .025).  They  truncated  their  pre-nap  day  nocturnal  sleep  length  by 
awakening  an  average  of  38  minutes  earlier  on  nap  day  mornings  relative 
to  non-nap  day  mornings  (j><  .025),  and  26  minutes  earlier  than  mornings 
after  nap  days  (£<.025).  They  also  indicated  that  they  slept  well  an 
average  of  94%  of  the  nights  after  nap  days  compared  to  85%  of  the  nights 
following  non-nap  days  (£<.005),  and  they  were  less  likely  to  recall 
drearning  after  a  nap  day  (48%)  relative  to  nights  after  a  non-nap  day 
(65%;  £<  .01).  Appetitive  nappers  showed  no  significant  differences 
between  conditions,  and  non-nappers  did  not  have  enough  nap  day  data  to 
make  comparisons  meaningful,  though  they  also  did  not  differ  between 
before  and  after  non-nap  days  . 

Having  replicated  this  important  pattern  of  results  for  a  2-week 
diary  period,  we  examined  the  sleep  lengths  for  the  entire  3  0-day  diary 
to  insure  the  differences  in  nocturnal  sleep  were  consistent  over  a  longer 
period  of  time,  as  well  as  to  compare  sleep  lengths  between  groups. 

Since  the  major  sleep  length  differences  occurred  within  replacement  nap¬ 
pers  on  nights  before  nap  days,  we  examined  total  sleep  time  (TST)  on 
nights  prior  to  nap  days,  TST  on  nights  prior  to  nap  days  plus  nap  durations , 
and  TST  on  nights  prior  to  non-nap  days.  Figure  13  depicts  the  median 
histograms  on  these  measures  for  each  napper  group,  and  non-nap  day  TST 
for  non-nappers . 


In  full  agreement  with  the  2 -week  data,  appetitive  nappers  had  the 


nappers  nappers 


Figure  13.  Median  sleep  lengths  for  nappers  and  non-nappers 
during  the  30-day  diary  period.  Histograms  sharing 
the  same  letter  are  not  significantly  different  at  the 
£<.05  (1 -tailed)  level  or  lower,  by  appropriate  non- 
parametrlc  tests. 

same  amount  of  sleep  on  nights  prior  to  nap  days  and  non-nap  days,  while 
replacement  nappers  had  consistently  less  TST  on  nights  prior  to  nap  days 
relative  to  their  non-nap  day  nights  (£<.001).  In  addition,  appetitive 
nappers  had  significantly  more  nocturnal  TST  on  pre-nap  and  pre-non-nap 
nights  than  replacement  nappers  did  on  pre-nap  nights  (,£<  .05).  The  only 
histogram  not  significantly  different  from  replacement  nappers1  pre-nap 
nocturnal  TST  was  non-nappers'  pre-non-nap  TST,  though  there  was  a 
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trend  (£<  .10,  one-tailed)  for  non-nappers  to  be  higher. 

Non-nappers1  typical  nocturnal  sleep  length  on  a  non-nap  day 
was  significantly  below  all  other  TST  values  for  appetitive  and  replace¬ 
ment  r.appers.  That  is,  when  nappers1  nocturnal  TSTs  prior  to  non-nap 
days  were  compared  to  non-nappers'  TST  prior  to  non-nap  days,  nappers 
had  consistently  higher  values  (App.  £<.025;  Rep.  £<.01).  Though  the 
differences  appear  small  in  Figure  13,  non-nappers  nevertheless  typically 
slept  about  15  to  25  minutes  less  on  nights  preceding  non-nap  days  than 
either  napper  group.  They  also  slept  a  few  minutes  less  than  appetitives 
did  on  pre-nap  nights  (jd<  .05),  and,  of  course,  they  had  less  sleep  than 
either  napper  group  did  on  nap  days,  when  nap  sleep  lengths  were  added 
to  nocturnal  sleep  (]3<.001).  Consequently,  when  TST  per  24-hour  period 
was  assessed  across  the  entire  30-days  of  the  diary,  non-nappers  had 

30  minutes  less  sleep  per  u-.y  than  either  appetitive  (jd<  .001)  or  replace- 

* 

ment  nappers  (jd<  .05),  while  napper  groups  did  not  differ. 

In  our  earlier  work,  non-nappers  also  averaged  less  TST  per  24- 
hours ,  but  did  not  average  significantly  less  nocturnal  sleep  than  nappers. 
Nevertheless,  when  nap  and  non-nap  day  nocturnal  sleep  lengths  are  com¬ 
pared  over  a  month,  non-nappers  average  consistently  less  nocturnal  sleep 
prior  to  their  non-nap  days  than  nappers  do  prior  to  their  non-nap  days. 
Though  the  difference  is  well  under  an  hour,  it  is  consistent,  and  clearly 

*This  included  nap  lengths  added  to  nocturnal  sleep  lengths  on  nap 
days.  Median  values  were:  non-nappers  =  7.14  hrs.,  appetitive  nappers 
=  7.59  hrs.  ,  and  replacement  nappers  =  7.64  hrs.  Mann-Whitney  H-tests 
were  performed,  and  significance  levels  are  two-tailed. 


indicates  that  confirmed  non-nappers  not  only  get  less  sleep  (relative  to 

nappers)  when  naps  are  added  to  nocturnal  sleep  time,  but,  in  fact,  get 

less  nocturnal  sleep  than  nappers,  with  the  exception  of  replacement 

* 

nappers'  pre-nap  night  sleep. 

Further  examination  of  Figure  13  reveals  that  the  highest  amounts 
of  sleep  obtained  understandably  occurred  when  nap  lengths  were  added 
to  nocturnal  sleep  lengths.  Curiously,  despite  significantly  less  noc¬ 
turnal  sleep  on  nap  days,  replacement  nappers  had  as  much  TST  per  nap 
day  as  appetitive  nappers  .  This  was  largely  due  to  replacement  nappers' 
somewhat  longer  naps  (see  Table  12),  especially  on  days  where  the  prior 
night's  sleep  length  was  particularly  short.  Nevertheless,  while  appeti¬ 
tive  nappers’  TST  per  nap  day  was  significantly  above  all  other  values, 
replacement  nappers'  TST  per  nap  day  was  not  significantly  above  their 
TST  per  non-nap  day.  This  is  congruent  with  our  contention  that  replace¬ 
ment  nappers  nap  in  response  to  fatigue,  which  appears  to  be  directly  a 
function  of  acquiring  a  specific  amount  of  sleep  per  day.  Napping  for  the 
replacement  napper  is  a  way  of  balancing  the  sleep  need  ledger.  Since 


*Overall,  it  appears  that  subjects  participating  in  the  current  study 
slept  30  minutes  less  per  day  than  subjects  who  participated  in  our  earlier 
work.  Since  the  effect  appears  in  all  groups,  it  is  possibly  the  result  of 
a  sample  difference  between  our  earlier  worx  and  the  current  investigation. 
One  major  difference  between  the  studies  involved  their  length.  The  current 
study  was  nearly  4  times  as  long  and  demanded  much  more  subject  involve¬ 
ment  than  the  original  work.  Given  that  all  of  the  current  study  participants 
were  extremely  active  curricularly  and  extracurricularly ,  in  addition  to  their 
participation  in  the  study,  it  is  possible  that  their  slightly  shorter  nocturnal 
sleep  average  reflects  an  even  busier  activity  schedule  than  participants  in 
the  earlier  work. 
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they  more  often  report  having  slept  well  following  a  night  after  a  nap  day, 
relative  to  a  night  after  a  non-nap  day  (see  Table  13),  it  seems  reasonable 
to  suggest  that  the  nap  sleep  has  a  positive  effect  on  the  post-nap  nocturnal 
sleep  (assuming  that  the  replacement  napper  was  not  unduly  sleep  deprived). 
The  mechanism  for  this  is  probably  little  more  than  the  nap  sleep  adding  to 
the  nocturnal  sleep  which  fellows  it,  yielding  a  TST  for  the  previous  24 
hours  that  is  subjectively  "enough"  sleep. 

While  the  data  on  nocturnal  sleep  length  presented  in  Figure  13  was 
analyzed  nonparametrically  to  avoid  making  assumptions  about  data  distri¬ 
butions,  extensive  parametric  analyses  were  also  carried  out.  The  para¬ 
metric  analyses  fully  confirmed  the  findings,  especially  the  fact  that  re¬ 
placement  nappers  averaged  less  sleep  the  night  before  a  nap  day  versus 
the  night  before  a  non-nap  day  (|><  .001)  and  versus  the  night  before  appeti¬ 
tive  nappers'  nap  day  (£<  .01) .  However,  replacement  nappers  were  also 
significantly  more  variable  (between  subjects)  in  nocturnal  sleep  duration 
on  pre-nap  day  nights  relative  to  pre- non-nap  day  nights  (£max:=4.72  ,  jo  <  .01), 
and  relative  to  appetitive  nappers'  pre-nap  day  nights  (F  =5.19,  £<.05). 

In  fact,  replacement  nappers  were  more  variable  in  nocturnal  sleep  length 
before  nap  days  compared  to  all  other  napper  and  non-napper  nocturnal  sleep 
averages.  This  was  primarily  due  to  replacement  nappers  varying  widely 
in  the  extent  to  which  they  truncated  their  nocturnal  sleep  the  night 
before  nap  days.  For  example,  one  individual  typicaiiy  shortened  his  sleep 
by  nearly  3  hours,  while  another  averaged  only  20  minutes  less  sleep 


compared  to  nights  before  non-nap  days.  Thus,  while  replacement  nap- 
pers  clearly  had  shorter  nocturnal  sleep  before  nap  days,  the  extent  to 
which  sleep  was  truncated  varied  considerably  among  individuals. 

This  is  perhaps  an  appropriate  point  for  discussion  of  the  purpose 

served  by  naps  for  replacement  nappers  and  an  emerging  view  of  sleep 

need.  There  is  a  considerable  amount  of  data,  primarily  the  studies  of 

Taub  and  Berger  (1973a,  1973b,  1974a,  1974b,  1976b)  that  suggest  any 

change  in  an  individual's  normal  nocturnal  sleep  schedule,  including 

shortening,  lengthening,  or  displacing  nighttime  sleep,  is  likely  to  have 

negative  effects  on  the  individual's  performance  and  mood.  These  studies 

are  well  designed,  the  data  are  consistent,  and  there  is  thus  little  reason 

* 

to  doubt  the  accuracy  of  the  results.  However,  these  investigations  were 
carried  out  on  young  adults  who  showed  "no  daytime  napping"  (Taub,  1978, 
p.  39). 

While  we  do  not  doubt  that  mocd  and  performance  the  first  day 
alter  an  altered  nocturnal  sleep  schedule  will  show  adverse  effects  from 
the  disrupted  sleep,  we  must  consider  these  results  in  light  of  the  fact  • 
that  nappers,  especially  replacement  nappers,  employ  napping  during  the 
day  to  compensate  for  shortened  nocturnal  sleep,  and  thus  use  naps  as  an 
ameliorant  for  altered  nighttime  sleep  schedules.  Nappers  might  well  be 
the  very  individuals  who  could  most  quickly  adapt  to  such  altered  schedules, 
in  the  sense  that  they  could  restore  effective  functioning  by  napping  to 
compensate  for  lost  sleep. 

♦Critical  comments  (see  Webb,  1978b;  Hauri,  1979)  suggest  caution 
in  drawing  definitive  conclusions  from  these  publications  . 


The  conclusion  Taub  and  Berger,  and  others,  have  drawn  from 
their  data  is  that  the  maintenance  of  a  habitual  sleep/wakcfulness  cycle 
may  be  more  important  for  sustaining  effective  mood  and  functioning  than 
total  sleep  time.  On  the  other  hand,  replacement  nappors  behave  as 
though  getting  a  set  amount  of  sleep  each  day  is  critical  for  effective 
functioning,  and  consequently,  while  their  naps  may  necessarily  alter 
their  sleep/wakefulness  cycle,  they  provide  them  with  the  extra  sleep 
required  to  meet  their  total  sleep  nood .  This  is  all  the  more  surprint  ng , 
since  they  nap  in  response  to  relatively  small  daily  fluctuations  (30-lil) 
minutes)  in  nocturnal  sleep  ttmo. 

Nevertheless,  replacement  nappors'  behavior  In  not  noUGimailly 
inconsistent  with  the  biorhythmic  view  Taub  end  Berger  propose,  it  seems 
likely  that  a  combination  of  shortoncxl  sloop  and  a  displaced  « loop  cycle 
are  more  debilitating  than  either  factor  alone,  especially  in  individuals 
who  do  not  regularly  nap.  Replacement  nappors  comprise  a  third  o|  our 
surveyed  young  adults  (see  Table  1),  and  appear  to  have  the  capitally  to 
go  from  a  monophasic  to  a  btphasic  sloep/wakofulnoon  cycle  following 
nights  of  reduced  sleep,  thereby  using  naps  to  compensate  for  Homo  oi  the 
lost  sleep.  Their  naps  tend  to  be  taken  in  the  afternoon,  during  a  tola- 
lively  circumscribed  period  (see  Figure  12).  Naltoh'a  data  suggest 

that  afternoon  naps  are  more  likely  to  bo  beneficial  to  the  sleop-deprlvod 
individual  than  naps  at  the  trough  of  the  circadian  activation  curve.  Indeed, 
Webb  (197Ba)  has  argued  that  the  afternoon  nap  is  the  second  phase  of  q 
naturally-occurring  biphasic  sleep  cycle,  It  is  conceivable  that  replacement 
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nappers  respond  to  nocturnal  sleep  loss  by  napping  during  a  portion  of 
the  circadian  cycle  highly  conducive  to  permitting  the  restorative  com¬ 
ponents  of  sleep  to  operate. 

In  contrast,  non-nappers  are  either  unaccustomed  to  using  this 
seem  id  phase  to  sustain  functioning  (i.e. ,  can't  fall  asleep),  and  thus 
need  time  to  adjust,  or  they  may  be  unable  to  derive  any  benefits  from 
the  second  phase,  as  is  the  case  with  our  confirmed  non-nappers. 

Appetitive  nappers  appear  to  have  the  most  consistent  biphasic 
s  loop/w  tike  fulness  cycle,  and  their  napping  may  be  the  closest  to  an 
utv  aivocol  biorhythmic  pattern.  Their  nocturnal  sleep  docs  not  differ 
on  in  jilts  before  nap  days  compared  to  nights  bofore  non-nap  days,  they 
report  being  able  to  go  to  sleep  in  a  variety  of  situations,  they  indicate 
the  lughesi;  preference  for  a  few  short  naps  relative  to  one  long  sleep 
period,  they  enn  fall  a f loop  in  a  non-optimal  environment  in  the  aftornoon 
thuut  being  sleep  deprived,  and  they  nap  moro  frequently  in  the  aftornoon 
than  other  groups.  Moreover,  they  havo  no  sloop  problems,  no  obviously 
peculiar  personality  cliamct.orlst.ics,  or  unique  behavioral  activity  patterns. 

1'urthor  evidence  tor  the  biorhythmic  nature  ol  appetitive  nappers' 
nnpn  comes  from  their  circtdlan  functions  for  subjective  activation  (soo 
1’iguio  J  1),  They  were  mo  only  group  to  reveal  clear  differences  in  ratings 
o|  general  activation  and  douaUvatlon-sleop,  in  the  aitornoon,  between 
imp  and  non-nap  days.  Days  on  which  they  do  not  engage  in  napping  (a 
mmiupliiwuu  sloop  cycle)  are  distinguished  by  more  gonorai  activation  and 
,m  extreme  leak  ol  sleepiness,  Wlulo  the  characteristics  of  their  non-nan 
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days,  particularly  those  aspects  that  lead  to  minimal  sleepiness,  remain 
uncertain,  it  is  apparent  that  if  asked  to  nap  on  such  days,  as  in  DAY  3 
of  the  current  study,  they  can  do  so.  From  a  biorhythmic  perspective, 
appetitive  nappers  appear  to  possess  the  ability  to  sleep  biphasically , 
and  do  so  frequently,  but  certain  days  are  distinguished  by  little  sleepi¬ 
ness,  and  a  decision  not  to  nap. 

(2)  Nocturnal  sleep  before  and  after  laboratory  naps.  An  analysis 
of  characteristic  sleep  patterns  on  nap  versus  non-nap  days  was  not  only 
possible  for  the  entire  diary  period,  but  was  also  completed  for  nights 
boforo  and  after  laboratory  nap  sessions.  Since  the  laboratory  sessions 
were  known  nap  periods,  nocturnal  sleep  prior  to  and  following  them  should 
reflect  both  subjects'  need  to  nap  as  well  as  the  consequences  of  their 
naps  on  the  subsequent  night's  sleep. 

Figure  14  presents  the  modian  sleep  lengths  for  nights  before  all 
luui  laboratory  sessions,  as  well  as  lor  pro-nap  and  pre-non-nap  nights 
I'rom  the  entire  30-day  diary.  Significant  dlft'orencos  within  each  group 
arc>  indicated  in  the  fiejuro.  As  expected,  appetitive  nappers  had  no  con¬ 
sistent  dilforoncoa  among  any  of  their  sloop  lengths,  again  Illustrating 
that  I  hoi  r  nocturnal  sloep  is  unrelated  to  their  daytime  napping. 

Replacement  nappors,  as  was  noted  above,  had  significantly  less 
sleep  on  nights  prior  to  nap  days  relative  to  pre-non-nap  days .  In  addition, 
however,  they  also  had  less  sloep  tho  night  before  the  DAY  3  laboratory  nap 
(in  •  Iuj  sloop  hostile  environment)  relative  to  their  typical  pre-nap  day  noc- 
iu  a)  sleep  (_^<  ,()!>),  and  their  sloop  tho  night  before  wake  control  DAY  4 
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Figure  14.  Median  valuoa  for  nocturnal  sleep  lengths  on  nights  before  nap  days  (N), 

nights  before  non-nap  days  (No),  and  nights  before  the  4  laboratory  sessions: 
control  DAYS  (1  &  4),  and  nap  days  (2  &  3).  Nap  and  non-nap  values  are 
from  the  30-day  diary  records.  Wllcoxon  matched-pairs  signed-ranks  tests 
were  carried  out  between  histograms  within  each  group,  significance  levels 
are  two-tailed. 


(jj<  .05),  when  they  knew  that  they  would  not  be  napping.  In  general, 
their  median  sloop  length  for  nights  prior  to  the  first  three  laboratory 
visits,  when  they  expected  to  nap,  wore  very  similar  to  their  typical 
night  sleep  length  prior  to  nap  days,  that  Is,  somewhat  truncated.  Appar¬ 
ently,  asking  a  replacement  noppor  to  nap,  particularly  in  an  alerting  en¬ 
vironment ,  and  simultaneously  asking  him  to  got  a  "normal"  night's  sleep, 
results  in  the  individual  getting  nocturnal  sleep  of  the  same  duration  as 
a  typical  pro-nap  night.  This,  after  all,  is  what  occurs  "normally"  for 
i ('placement,  nappera  on  pro-nap  day  nights.  This  suggests  that  they  con¬ 
trol  their  nociurnal-slocip/nap-sloop  pattern  such  that  they  may  choose 
to  got  less  sleep  one  night  by  getting  up  oorlior,  knowing  that  they  con 
compensate  the  partial  sleep  loss  by  napping  later  in  the  day. 
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Non-nappers  showed  what  we  consider  to  be  the  most  surprising 
pattern  in  Figure  14 .  Their  nocturnal  sleep  lengths  the  night  before  nap 
DAY  3  (the  alerting  environment)  were  significantly  below  their  typical 
pre-non-nap  day  nocturnal  values  (jd<  .05)  and  below  their  pre-nap  DAY  2 
nocturnal  values  (jd<  .05).  They  received  less  sleep  the  night  before  nap 
DAY  3  by  going  to  bed  significantly  later  (around  3:45  a.m.)  relative  to 
their  usual  bedtime  (2:05  a.m.).  This  may  account  for  why  only  5  non- 
nappers  were  able  to  fall  asleep  in  the  optimal  nap  environment  of  DAY  2 , 
while  7  of  the  9  were  able  to  sleep  in  the  alerting  environment  of  DAY  3 . 
bike  replacement  nappers,  they  tended  to  increase  the  likelihood  that 
they  would  sleep  in  the  alerting  environment  by  partially  sleep-depriving 
themselves  the  night  before.  In  a  sense,  they  were  responding  adaptively 
to  the  demands  of  the  situation,  namely  to  nap  in  a  setting  designed  to 
be  unconduciv©  to  sleep. 

Non-i  rppors  not  only  slept  less  the  night  before  nap  DAY  3  rela¬ 
tive  to  nap  DAY  2 ,  but  they  also  slept  significantly  more  the  night  of 
DAY  3  (following  the  nap)  than  the  night  following  the  DAY  2  nap  DO, 
ii<  .025).  This  would  suggest  that  the  nap  in  tho  alorling  environment  of 
DAY  3  did  not  replace  t,hc  partial  loss  of  nocturnal  sleep  from  tho  night 
bulo/e,  and  this  is  consistent  with  the  fact  that  non-nappers  reported  the 
DAY  3  nap  to  bo  very  unsatisfying,  and  not  at  all  refreshing  (boo  Tnblu  )'). 
Nappers,  on  tho  other  hand,  generally  reported  positive  effects  from  the 
nap  in  the  alerting  environment,  and  did  not  sleep  more  following  DAY  3 
nap,  though  replacement  nappers  reported  lalilng  aulaep  faster  (TO ,  *><  ,025) 


the  night  after  the  DAY  3  nap  (Mdn=5  mins .)  relative  to  the  night  after 
DAY  2  (Mdn=15  mins.).  This  may  indicate  that  the  replacement  nappers 
also  benefited  somewhat  less  from  the  DAY  3  nap  than  from  the  DAY  2  nap. 
Laboratory  naps  did  not  appear  to  have  differential  effects  on  appetitive 
nappers1  post-nap  nocturnal  sleep. 

(3)  Sleepiness  and  fatigue  on  nap  and  non-nap  days.  In  addition 
to  !.ho  subjective  activation  checklists  used  to  assess  circadian  variation 
in  sleepiness  and  fatigue  on  nap  days  relative  to  non-nap  days,  the 
sleep  diary  contained  a  series  of  questions  concerning  how  much  (and 
when)  an  individual  felt  tired  each  day.  By  pooling  within  and  between 
subjects,  it  was  possible  to  assess  fatigue  on  nap  days  relative  to  non¬ 
nap  clays.  (Parametric  analyses  wore  used  on  these  data  because  a  large 
number  of  tied  responses  precluded  appropriate  nonparametric  tests.) 

Major  comparisons  (ANOVAs)  consisted  of  appetitive  and  replacement  nap- 
pors  (2  groups)  compared  across  nap  and  non-nap  days  (2  trials). 

II  appotitivo  nappers  generally  nap  for  reasons  unrelated  to  fatigue, 
oa  was  suggested  in  our  original  hypothesis  and  confirmed  by  nocturnal 
sleep  lengths,  thon  they  would  likely  show  no  difference  in  fatigue  on 
imp  days  rolullvo  to  non-nap  days,  while  replacement  nappers  should 
dourly  bo  more  tired,  and  tired  sooner  on  nap  days  compared  to  non -nup 
days,  Tnldo  1<1  contains  the  moan  nap  nnd  non-nap  day  sleepiness  re¬ 
sponses  during  the  30-duys  ol  the  diary  lor  both  nappor  groups  ns  well  as 
I  ho  A  NOVA  louults  for  eneii  response.  The  persistent  lack  of  a  ulgnificani 
Interaction  ^  ratio  lor  any  of  the  questions  indicates  that  contrary  to  our 


I  nn 

X  /  <U  , 


TABLE  14 

Mean  *l««p  diary  sleepiness  responses  tor  nap  day*  and  non-nap  uaya  ot  appatltlvt  nappers  (n«ll)  and 
replacement  nappara  (n«ll).  Two-way  rapaatad  meaeures  ANOVA  £  ratio*  ara  presented. 


Sleep  Diary  Question 

Appetitive  Nappers 
non-nap 

nap  day  day 

FtfiUgjuum  Nmpw 

non-nap 

nap  day  day 

Daytl 

A.  20 

Groups2 

A. 20 

inter. 3 

A.  20 

Time  you  (elt  molt  tired? 

3t41  pm 

5tS8  pm 

5:34  pm 

6;56  pm 

10.9/** 

5.10* 

0.68 

Were  you  lighting  oil'  sleep 
at  any  time?  (Y«*1,N»0) 

0.31 

,  0.1? 

0.41 

0.20 

15.4?** 

1,19 

0.65 

Tima  you  were  lighting  oil 
sleep? 

4tS9  pm 

5)49  pm 

4t43  pm 

7:13  pm 

5.24* 

0.23 

1.30 

Wore  you  so  tired  you  had 
difficulty  concontratlng? 

0.25 

0.14 

0.30 

0.15 

8.19** 

0.21 

0,10 

How  ilaapy  are  you?  (Inside 
awake,  10-extremely  sleepy) 

4.25 

4.17 

5.33 

4.94 

9,99** 

2.49 

0.02 

Could  you  sleep  now  11  you 
had  the  time?  (V-I.  N-0) _ 

0.69 

0.58 

0.65 

0.56 

ft. 00** 

0.03 

0.01 

Main  elloct  within  subject*  (nap  day*  vanu*  non-nap  day*). 

2  Mil  in  alloct  butwoon  subjects  (appetitive  versus  raplaoamant). 
■bntotactlon  ratio. 

*U<  .05 

*  *12.  <  .  01  or  lowur. 


axpoctatlon,  appetitive  and  replacement  nappers  did  not  report  different 
degrees  of  fatigue  on  nap  days,  The  only  between  groups  difference  was 
for  time  of  day  subjects  felt  most  tired,  where  appetitive  nappors  reported 
being  mod  tirod  earlier  in  the  day  (especially  nap  days)  than  replacement 
nappors.  it:  is  interesting  that  the  mean  tlmo  appetitive  nappors  indicated 
they  wore  most  tirod  on  nup  days  (3:41  p.m.)  coincided  with  the  time  they 
most  frequently  napped  (see  Figure  12;  modo“1500~lG00) . 

The  most  consistent  finding  In  this  sleep  diary  sleepiness  data  was 
the  mam  oiled  duo  lu  days.  On  nap  days,  nappers  —  regardless  of  group  - 
reported  tooling  tirod  earlier,  wore  more  likely  to  bo  fighting  off  sloop, 
wo io  I’ehiing  oft  sloop  earlier,  and  were  more  likely  to  bu  so  tired  that 
eonci miration  became  difficult,  relative  to  non-nap  days,  At  the  end  of 


diary  completion  on  the  morning  of  a  nap  day,  they  also  indicated  greeter 
sleepiness  than  on  non-nap  days,  and  were  more  likely  to  say  they  could 
sleep  now  if  they  had  the  time.  Non-nappers  are  not  presented  in  Table  14, 
but  their  non-nap  day  mean  values  were  similar  to  nappers'  non- nap  days, 
though  non-nappers  were  generally  more  variable  in  their  responses  to 
these  questions . 

The  data  presented  in  Table  14  suggest  that  nappers'  subjective 
impressions  (if  not  also  their  actual  experiences)  very  as  a  function  oi 
whether  a  day  contains  a  nap  or  not.  In  particular,  impressions  of  fatigue 
seem  more  pronounced  and  are  perceived  to  be  earlier  on  nap  days,  Oi 
course,  this  may  simply  reflect  nappers1  desire  to  justhy  having  taken  a 
nap.  That  is,  recalling  that  he  napped  yesterday  (and  when)  may  suggest 
to  the  napper  that  ho  must  have  been  tired  then.  Nevertheless,  being 
tired  earlier  on  a  nap  day  (and  lighting  off  sleep  earlier)  is  consistent 
with  subjective  activation  circadian  data  that  show  both  trap  per  groups 
experiencing  a  significant  drop  in  general  activation  from  noun  lo  4:00  p.m, 
on  imp  days,  but  not  on  non-nap  cloys  (sioo  Table  9). 

While  replacement  nnppora 1  nap  day  fatigue  is  readily  understood 
when  one  cons  I  dorr  their  typically  truncated  sloop  the  night  bolero  a  nap 
day,  appoittlvo  nonpars1  ua;>  day  league  Is  not  accounted  for  by  cither  Ihe 
qunniii.y  or  ihe  quality  ,’U  the  previous  night's  sleep.  Indeed,  appolilivo 
iuipp"rs  were  selected  because  they  reported  napping  even  when  they  did 
is >i  lee)  u.e,],  Tuj. 8  clenily  suggests  what  a  variety  ol  laboratory  and 
i.'Xtrn -laboratory  data  confirm,  namely,  lhal  appetitive  nappers  have  a 
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remarkable  degree  of  control  over  when  they  sleep.  On  the  other  hand, 
the  subjective  data  indicate  that,  like  replacement  nappers ,  they  are 
reporting  less  activation  and  more  tiredness  and  sleepiness  earlier  in 
the  afternoon  on  nap  days  .  They  appear  to  be  more  fatigued  on  nap  days  . 
This  subjective  data  could  reflect  a  number  of  processes  occurring  on 
appetitive  nappers'  nap  days: 

(1)  On  a  day  they  choose  to  nap,  appetitive  nappers  might  prepare 
themselves  by  lowering  their  activation,  much  the  way  nappers  appeared 
to  have  lowered  both  physiological  and  subjective  activation  prior  to  the 
laboratory  naps  (sea  Figures  5  and  10).  Seen  in  this  way,  the  lowered 
subjective  ratings  reflect  a  preparation  for  napping  that  stems  from  a 
control  over  their  ability  to  nap.  Such  a  view  should  predict  that  appeti¬ 
tive  nappers  nap  without  clear  sleep  need  (though  they  may  replacement 
nap  when  required) . 

(2)  On  the  other  hand,  on  nap  days  appetitive  nappers  show 
lowered  activation  a-v:  increased  sleepiness.  The  possibility  must  ho 
considered  that  this  subjective  experience  reflects  a  sleep  need.  The 
appetitive  napper  may  still  have  control  over  whether  ho  naps,  but  there 
is  increased  impetus  lo  nap.  This  impetus  may  result  Uom  needing  acid i - 
i.iona!  sloop  and/or  this  sloop  need  may  bo  related  to  n  bl phasic  sleep 
cycle.  However,  no  diary  data  indicated  that  appetitive  nappers  have 
increased  sleep  need,  at  least  not  m  terms  of  their  nocturnal  sloep/wako- 
inluess  patterns , 

Tu  examine  these  alternatives,  another  approach  to  the  quoiUnm 
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of  sleep  need  in  appetitive  nappers  was  necessary. 

e.  Sleep  desired  versus  sleep  obtained.  While  the  diary  data 
indicated  that  appetitive  nappers  did  not  consistently  nap  as  a  result  of 
reduced  nocturnal  sleep,  it  was  not  possible  to  determine  precisely  why 
appetitive  nappers  napped  so  frequently.  They  may  simply  require  more 
sleep  to  feel  at  full  capacity,  and  they  gain  the  desired  amount  by  sup¬ 
plementing  thoir  nocturnal  sleep  with  daytime  naps.  One  way  to  address 
this  issue  is  to  compare  the  sleep  lengths  subjects  report  they  desire  to 
what  they  actually  average. 

At  the  beginning  of  the  experiment  wo  asked  subjects  to  comploto  a 
questionnaire  that  included,  among  other  things,  the  following  questions: 
"During  the  past  year,  how  many  hours  of  sloop  have  you  regularly  had  per 
night  V  How  many  hours  of  sloop  do  you  nood  por  night?  How  many  hours  of 
sloop  per  night  would  you  like  to  got? "  Thus,  wo  had  individuals'  estimates 
of  thoir  typical  nocturnal  sloop,  the  amount  of  sloop  they  perceive  themselves 
as  needing,  and  the  nocturnal  sloop  thoy  would  ideally  prefer  to  gel. 

While  all  groups  indicated  that  thoy  had  boon  getting  roughly  the 
/i mount  ol  nocturnal  sleep  thoy  noodod,  thoy  also  indicated  that  thoy  would 
have  liked  moro  sleep  than  they  estimated  that  thoy  had  boon  getting  noc- 
iuriwilly.  This  was  especially  true  lor  replacement  nappers  joC.t'1'1', 

lad  hum  su  lor  appetitive  nappers  ^<.10)  and  non-nappers  (J^l .  H-l , 

A 

ii*. .  I  l).  Replacement  nappers  wore  the  only  group  who  also  indicated 

*;!ludenl.Ji~iosia  lor  paired  comparisons  wore  used  lor  the  analyses  In 
1 1  ii  <t  sealing,  since  a  largo  number  ol  responses  to  iho  questions  wore  Hod, 
making  nonparamotric  analyses  more  difficult .  All  significance  levels  reported 
here  am  two- tailed  , 
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they  would  like  significantly  more  nocturnal  sleep  than  they  needed 
(t=3 . 61 ,  £  <  . 01) .  When  comparisons  were  made  between  groups  on 
these  questions,  no  significant  differences  emerged,  a  result  consistent 
with  questionnaire  data  from  our  earlier  study  (Evans  &  Orne,  1975). 

What  interested  us  most  about  these  data  were  how  they  related 
co  the  actual  sleep  diary  averages  for  TST  on  nap  and  non-nap  days. 

The  operational  definition  of  sleep  need  we  employed  when  analyzing 
the  diary  data  was  the  amount  of  nocturnal  sleep  individuals  had  on 
nighls  prior  to  non-nap  days.  These  questionnaire  responses,  however, 
provided  another  way  to  address  sleep  need  In  relation  to  daytime  nap- 
wing.  Consequently,  we  compared  the  questionnaire  responses  to  the 
following  live  30-day  diary  parameters:  TST  on  non-nap  days,  TST  on 
nights  beioro  nap  days,  TST  on  nap  days  (nocturnal  +  nap  timo),  nocturnal 
TST  ior  the  entire  30  days,  and  TST  per  2  4-hour  period  for  the  entire  30 
days  . 

Thirty-eight  of  72  comparisons  wore  significant  at  £<.05  (two- 
lolled)  oi  lower,  a  result:  well  beyond  (])<  ,001)  when  chance  would  allow 
(Sak'xin,  C.'ohen,  M  Heuli,  1954).  Replacement  nappors,  aa  expected , 
wore  the  only  group  who  averaged  less  sloop  on  nights  before  nap  days 
than  they  indicated  they  typically  during  the  past  year  (£<  .02),  oon- 
i  Inning  tlu.ii  a  night  m  iruncmuKl  sleep  prior  iu  a  nap  day  is  noi  a  typical 
rnplaouiiii'iii  napp'T  night,  All  three  groups  Indicated  they  would  Ijkg 
more  iiooiurnnl  uleup  Mian  the  diary  revealed  they  received  on  j ire -nap 
day  nights  (£<.002  t »,»  £<  ,()ih)1>,  m.  pro-gun  •nap  day  nights  (£<..01  to 
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£<.002),  nocturnally  for  the  entire  30  days  (jd<  .02  to  £<  .0002),  and 
TST  per  24-hour  period  for  the  entire  30  days  (£<  .02).  The  only  diary 
category  that  was  not  significantly  different  from  what  subjects  said  they 
would  like  was  TST  on  nap  days.  In  terms  of  sleep  need .  all  three  groups 
received  less  sleep  on  pre-nap  day  nights  than  they  viewed  themselves  as 
needing  (£<.02  to  £<.00l),  and  only  appetitive  nappers  claimed  to  have 
needed  significantly  more  sleep  than  they  received  on  pre-non-nap  day 
nights  (£<  .05),  as  well  as  nocturnally  throughout  the  entire  30  days  (£<  .02), 
This  last  result  suggests  that  appetitive  nappers  may  indeed  nap 
as  a  supplement  to  their  perceived  sleep  need.  They  estimated  their 
nocturnal  sloop  nood,  and  yet  all  of  their  nocturnal  diary  averages  were 
unequivocally  below  thoir  estimated  need.  Viewed  this  way,  appetitive 
nappers'  frequent  daytime  naps  appear  to  be  not  only  a  second  component 
of  thoir  sleep  cycle,  but,  when  added  to  TST  from  the  night  before,  the 
naps  help  supplement  the  roquisito  amount  of  sloop  those  individuals  view 
thonmolvos  an  needing.  While  replacement  nappers  normally  fulfill  their 
perceived  sloop  nood  with  nocturnal  sleep,  and  thus  nap  only  when  noc¬ 
turnal  sleep  Is  too  short,  appetitive  nappers  apparently  rarely  fulfill  their 
parcel ved  sleep  nood  nocturnally,  and,  aw  a  result,  typically  take  daytime 
naps  to  satisfy  this  need.  Ironically,  they  do  not  perceive  themselves  as 
napping  because)  they  are  tired,  though  thoir  subjective  reports  Indicate 
I  hey  are  mure  sleepy  and  less  onoryotio  on  imp  clays,  They  appear  to  nap 
because  afternoon  sleep  Is  not  only  possible,  but  desirable  and  pleasant., 
Their  perceived  sleep  nood  Is  mol  by  a  natural  biphaHic  sleep/wakufulnoss 


pattern , 
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TST  on  nap  days  not  only  satisfied  individuals’  estimated  sleep 
needs,  but  also  came  closest  to  providing  subjects,  including  non-nappers, 
with  the  amount  of  sleep  they  would  like  to  get  each  night.  Since  all 
groups  showed  this  effect,  we  pooled  subjects  and  present  the  resulting 
paired -£  values  in  Table  15.  Examination  of  the  table  confirms  that 

TABLE  15 


Paired  .t-tost  valuai  for  companions  batwaen  maan  subjective  sleep  length  estimates 
and  diary  sleep  lengths  for  all  31  subjects  (11  appetitive  nappers,  11  replacement  nap- 
pers,  and  9  non-nappers) , 


TST 

no-nap 

days 

nights 

before 

nap 

deys 

TST 

nop 

days 

night 
moan 
all  30 
days 

TST 
all  30 
days 

Subjective  estimate 

Mean 

(sd) 

7.23 

(0.58) 

6.57 

(0.93) 

7.86 

(0.99) 

7.06 

(0.57) 

7.48 

(0.64) 

Nocturnal  sleep  you 
had  In  past  year? 

y  .44 
(1.06) 

1,14 

4.70** 

-2.18 

2.36 

-0,26 

Nocturnal  slsup  you 
mwl  V 

7.74 

(1.12) 

2.50 

0.14** 

-0.60 

3.58* 

1.39 

Nocturnal  sleep  you 
would  like  to  got? 

(1.35 

(0.94) 

6,54** 

9.44** 

2.26 

7.74** 

5.04** 

*  j><  . OOOli  (two-tailed)  --  to  maintain  £<,05  whan  72  teats  carried  out. 
**  £<  .0001 


iilLltouijh  ft ubJooiM  generally  rooolvod  thu  amount  of  nocturnal  nloop  they 
claimed  they  Imcj,  lit  ilto  pant  year,  nlghlH  prior  to  nap  day.'i  wore  the  ex¬ 
ception.  Thin  wdfi  largely  ovidont  among  raplacomont  napporn  and  non- 
luippcrri,  .Similarly,  In  terms  of  nooturnal  aloop  nuod  oatlmaton,  pro-nap 
day  nluhin  woro  lowur,  ««  wau  tlui  30-day  nocturnal  average,  The  latter 
wan  primarily  duo  to  appotlilvo  nappers.  When  ontuimteH  ol  the  nocturnal 
nloop  l.mgili  iiubjociit  would  ll^e  wore  compared  to  diary  data,  all  nocturnal 
.ivoifi'ioH  and  the  TST  per  7,4-hour  period  for  all  30  days  were  well  bo  low 
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the  estimated  amount  desired.  Only  TST  on  nap  days  satisfied  what 
subjects  would  like. 

Since  non-nappers  very  rarely  nap,  they  virtually  never  get  as 
much  sleep  as  they  would  like.  Nappers,  on  the  other  hand,  especially 
appetitive  nappers,  frequently  obtain  the  amount  of  sleep  they  would 
like  by  napping  during  the  day.  Though  both  appetitive  and  replacement 
nappers  use  napping  to  obtain  their  perceived  sleep  need,  the  primary 
difference  would  appear  to  be  that  whereas  replacement  nappers  nap  to 
complement  a  sleep  need  that  is  normally  fulfilled  nocturnally,  appeti¬ 
tive  nappors  nap  to  satisfy  a  sleep  need  that  is  not  only  not  satisfied  at 
night,  but  may  bo  tied  to  a  natural  diphasic  sloep/wakefulness  cycle. 
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E.  Discussion . 

1 .  Napping,  Sleep  Need,  and  Sleep  Cycle  . 

A  major  goal  of  our  work  has  been  to  determine  the  functions  and 
consequences  of  napping  through  an  investigation  of  individual  differ¬ 
ences  in  napping  behavior,  The  original  conceptualizations  we  had  of 
the  functions  served  by  brief  daytime  sleep  incorporated  both  of  the  two 
majpr  theoretical  approaches  to  the  functions  of  sloop  in  general.  Re¬ 
placement  nappers  were  thought  to  nap  due  to  increased  sleep  need 
(only  when  tired),  and  diary  evidence  for  an  association  between  the 
likelihood  of  thoir  napping  and  truncated  sloop  the  night;  before  appears 
to  provide  a  significant  confirmation  of  this  view.  However,  appotltlvo 
nappers  were  thought  to  nap  for  reasons  unrelated  to  sleep  need  (oven 
when  not  tired),  and  their  diary  data  support  the  view  that  they  have 
lncruusud  control  over  sloop  and  at  least  an  Intermittent  diphasic  sloop 
cycle  not  obviously  tiod  to  nocturnal  sloop  length. 

AppoLUlvo  nappers  not  only  napped  more  than  replacement  nappero, 
but.  they  also  averaged  more  nocturnal  sleep  than  non-nappern ,  While 
iho  (1 1 1  let  once  in  each  case  la  relatively  small,  appetitive  napporn  aon- 
sisiently  appoarod  to  got  more  sloop,  particularly  rolatlvo  to  non-nappors, 
This  hi  especially  obvious  when  one  cons  I  dors  total  sleep  turn'  (TUT)  per 
,M -h  >ur  period.  Given  the  greater  TST  among  appetitive  (tappers,  is  it 
appp ipnnie  to  conclude  thni  they  need  more  sloop?  As  Koclusohnlleit 
(11j7'i)  penned  mil,  "home  subjects  or  groups  might  sleep  much  not  be- 
onus i'  ihey  need  n  most  but  because  they  have  thu  best  developed  or 
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functioning  mechanisms  for  getting  it.  They  may  be  the  subjects  who 
need  sleep  the  least.  "  (p.  11). 

Indeed,  there  is  compelling  evidence  that  appetitive  nappers  arc 
remarkably  adept  at  getting  sleep.  They  not  only  nap  frequently  without 
shortened  sleep  the  night  before,  but  they  also  report  being  able  to  fall 
asleep  almost  anywhere,  and  they  do  not  have  to  be  tired  to  nap,  as  is 
evidenced  by  both  the  questionnaire  data  as  well  as  their  ability  to  fall 
asleep  in  the  alerting  environment  of  nap  DAY  3  despite  self-reports  ot 
little  fatigue  or  sleepiness.  On  the  other  hand,  their  sleep  need  esti¬ 
mates  suggest  they  also  feel  they  need  more  sleep  than  replacement 
nappers  and  non-nappers,  since  they  were  the  only  group  with  need  esti¬ 
mates  significantly  above  average  nocturnal  TST. 

It  is,  of  course,  possible  that  appetitive  nappers  estimate  they 
need  more  sleep  because  they  get  more  sleep,  rather  than  their  acquired 
sleep  following  from  their  estimated  need.  The  same  criticism  might  be 
made  for  replacement  nappers1  estimates.  However,  this  does  not  ex¬ 
plain  why  their  estimates  coincided  with  sleep  length  on  nights  prior  to 
non-nap  days,  and  with  TST  on  nap  days  (nocturnal  +  nap),  but  not  with 
sleep  length  on  nights  prior  to  nap  days.  Presumably  their  sleep  need 
was  not  met  on  certain  nights,  thereby  creating  a  sleep  debt,  which  was 
reflected  in  feelings  of  tiredness  the  next  day  and  a  propensity  to  nap. 

Such  speculation  has  clear  recovery  or  restorative  overtones,  by  positing 
that  reduced  nocturnal  sleep  was  the  cause  for  napping. 

It  is  possible  to  reject  this  interpretation  by  arguing  as  Webb  (1978a) 
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has  "that  the  sleep  debt  does  not  bring  about  the  nap,  but  the  nap  is  simply 
a  sensitized  response  to  the  biological  rhythm  tendency  to  sleep  during  the 
'nap  time' . "  (p.  316).  If  so,  it  remains  to  determine  what  the  mechanism 
is  for  sensitizing  the  biorhythmic  tendency  to  sleep.  For  replacement  nap- 
pers,  this  sensitizing  results  horn  a  relatively  small  reduction  (30-60  mins.) 
of  nighttime  sleep.  However,  if  a  modest  loss  of  nocturnal  sleep  Increases 
the  probability  of  subsequent  daytime  napping  by  sensitizing  a  biorhythmic 
tendency,  then  maintenance  of  TST  appears  to  reflect  a  sleep  need  that  may 
be  intimately  tied  to  the  timing  of  the  sleep/wakefulness  cycle. 

In  terms  of  behavioral  adaptation,  replacement  nappers  would  rather 
change  a  monophaslc  sleep  cycle  to  a  biphasic  cycle  than  to  miss  what  they 
perceive  to  be  needed  sleep.  Apparently  they  feel  they  can  function  more 
effectively  and  feel  better  if  they  nap  and  derive  the  needed  amount  of  sleep 
per  24-hour  period.  The  benefits  of  acquiring  the  desired  TST  appear  to  out¬ 
weigh  the  consequences  of  altering  the  sleep/wakefulness  cycle. 

On  the  surface  this  seems  to  be  contrary  to  Taub  and  Berger's  (1973a, 
1973b,  1974a,  1974b,  1976b)  conclusions  that  disruption  in  the  timing  of  the 
typical  monophaslc  sleep/wakefulness  cycle  may  be  more  detrimental  to  per¬ 
formance  than  partial  reductions  in  TST.  However,  since  the  Taub  and  Berger 

studies  were  carried  out  on  habitual  non-nappers,  their  conclusions  may 

# 

apply  more  to  this  group  than  to  habitual  nappers.  An  individual  difference 

‘Since  numerous  studies  have  now  documented  that  habitual  nappers 
(1/wk.)  make  up  over  50%  of  the  young  adult  college  population  (see  Table  1), 
and  that  their  napping  is  generally  not  the  result  of  any  chronic  nocturnal 
sleep  problem,  the  Taub  and  Berger  findings  may  not  be  generalizable  to  a 
significant  portion  of  the  population.  This  is  important  since  they  are  rather 
widely  touted  as  definitive  proof  that  small  manipulations  of  circadian  rhythms 
are  much  more  disruptive  to  mood  and  performance  than  modest  amounts  of 
sleep  deprivation  (e.g.,  Rechtschaffen,  1979). 
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explanation  would  also  account  for  why  Knowles  et  al.  (1978)  were  un¬ 
able  to  replicate  the  Taub  and  Berger  findings  on  a  randomly  selected 
group  of  subjects.  In  addition,  Taub  and  his  associates  appear  to  pro¬ 
vide  support  for  such  an  explanation  by  showing  that  habitual  nappers 
benefit  horn  morning  naps  nearly  as  much  as  evening  naps,  despite  the 
180°  phase  difference  between  them  and  the  varied  sleep  stage  infra¬ 
structure  (Taub  et  al. ,  1978).  We  conclude  that  while  acute  alterations 
in  the  monophasic  sleep  of  subjects  are  likely  to  have  some  negative  con¬ 
sequences,  and  though  these  consequences  may  be  independent  of  TST, 
some  individuals  appear  to  be  able  to  adapt  to  these  effects  more  readily 
than  others ,  particularly  when  the  biorhythmic  effects  shorten  TST .  The 
adaptation  takes  the  form  of  napping,  that  is  going  from  a  monophasic  to 
a  bi phasic  sleep  cycle,  which  concomitantly  adds  to  TST. 

Though  morning  and  evening  naps  have  benefits  for  habitual  nappers , 
the  biorhythmic  constraints  on  napping  are  clearly  evidenced  by  the  ten¬ 
dency  for  naps  to  naturally  occur  in  the  afternoon  during  the  middle  of  the 
typical  wakefulness  period  (Figure  12).  Webb  (1978a)  has  argued  that  if 
sleep  serves  a  restorative  function,  the  tendency  to  nap  should  be  cumula¬ 
tive  across  the  waking  period  rather  than  time-bound  to  the  waking  midpoint. 
That  is,  prior  wakefulness  should  create  Increasing  pressure  for  sleep, 
assuming  sleep  compensates  for  some  as  yet  unidentified  physiological 
process  during  wakefulness.  Thus,  the  timing  of  naps  in  habitual  nappers 
appears  to  support  a  biorhythmic  Interpretation  of  nap  function,  though  the 
relationship  between  naps  and  TST  in  nappers,  especially  replacement 
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nappers ,  suggests  a  restorative  function  as  well . 

It  is  conceivable  that  sleep  need  may  motivate  habitual  nappers 
to  nap  while  blcrhythmlc  constraints  determine  when  the  nap  is  most 
likely  to  be  possible,  as  well  as  beneficial  to  both  subsequent  waking 
function  and  subsequent  sleep.  Individual  differences  in  these  bio- 
rhythmic  constraints  and  sleep  need  account  for  confirmed  non-nappers' 
difficulties  falling  asleep  in  the  afternoon,  or  deriving  benefits  when 
they  do  nap.  For  nappers,  naps  at  any  time  of  the  day  may  be  beneficial 
by  providing  the  desired  TST  per  24-hour  period.  However,  afternoon 
naps  may  be  more  adaptive  from  the  perspective  of  enhancing  waking  func¬ 
tioning  without  adversely  affecting  subsequent  nocturnal  sleep  or  the 
typical  sleep/wakefulness  cycle.  They  may  ever  serve  to  facilitate  sub¬ 
sequent  nocturnal  sleep.  For  example,  replacement  nappers  more  fre¬ 
quently  felt  they  slept  batter  on  nights  following  nap  days  relative  to 
nights  following  non-nap  days. 

We  are  suggesting  that  the  benefits  of  brief  sleep  periods  will 
vary  as  a  function  of  three  factors:  (1)  the  amount  of  sleep  pressure  which 
is  related  to  the  duration  of  prior  wakefulness  and  the  amount  of  prior  sleep, 
(2)  the  portion  of  the  biorhythmic  cycle  during  which  sleep  is  obtained, 
and  (3)  individual  differences  in  perceived  sleep  need,  the  ability  to  con¬ 
trol  sleep  onset,  and  the  habitual  sleep/wakefulness  cycle. 

For  non-sleep-deprived  subjects  our  data,  as  well  as  that  of  Taub 
and  his  colleagues  (e.g.,  Taub  &  Berger,  1976b;  Taub  et  al. ,  1976;  Taub 
et  al. ,  1978)  and  tk.rtelson  (1979),  support  the  importance  of  individual 
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differences  in  sleep/wakefulness  patterns,  particularly  napping  versus 
non-napping,  when  predicting  responses  to  brief  sleep  periods.  On  the 
other  hand,  sleep  need  and  biorhythmic  factors  may  become  even  more 
critical  and  override  individual  differences  in  situations  involving  sleep 
deprivation. 

Naitoh's  (1981)  study  on  the  effects  of  2-hour  naps  at  the  trough 
of  the  circadian  cycle  and  in  the  afternoon  in  sleep-deprived  sailors  re¬ 
vealed  that  a  nap  between  0400  and  0600  had  negative  effects  on  perform¬ 
ance  and  mood,  while  an  afternoon  nap  (1200-1400)  had  significant 
recuperative  effects  on  both,  and  one  afternoon  nap  following  53  hours  of 
wakefulness  was  as  recuperative  as  a  combination  of  an  early-morning 
nap  and  a  mid-day  nap  after  45  hours  of  wakefulness.  Naitoh  suggested 
that  the  poor  performance  and  mood  he  observed  following  his  sleep- 
deprived  subjects'  early-morning  nap  was  due  to  prolonged  prior  wakeful¬ 
ness  Increasing  the  duration  of  negative  post-sleep  effects  typically 
found  at  this  time  of  day.  This  seems  to  indicate  that  biorhythmic  deter¬ 
minants  interacted  with  the  effects  of  increased  sleep  need.  The  same 
mechanism  may  in  part  account  for  Hartley's  (1974)  finding  that  three  80- 
minute  naps  a  day  maintain  vigilance  functioning  better  than  one  4-hour 
sleep  period  a  day.  While  he  attributed  the  superior  perlormance  in  the 
distributed  sleep  (nap)  group  to  reduoed  wakefulness  prior  to  testing,  it  is 
noteworthy  that  the  4-hour  continuous  sleep  group  slept  "at  the  lowest  point 
of  the  diurnal  cycle.  "  (Hartley,  1974,  p.  9). 

The  similarity  between  the  Hartley  (1974)  and  Naitoh  (1981)  studies 
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is  that  the  reduced  sleep  period  that  was  least  effective  for  improving 
functioning  was  the  one  taken  at  the  trough  of  the  circadian  cycle  after 
sleep  need  had  increased  by  either  partial  or  total  sleep  deprivation. 
Though  it  is  uncertain  h^w  individual  differences  may  have  affected  the 
results  of  these  studies ,  it  seems  clear  that  they  illustrated  the  relevance 
of  biorhythmic  parameters  when  predicting  the  value  of  short  sleep  periods 
for  individuals  with  increased  sleep  need.  Moreover,  they  are  in  accord 
with  both  laboratory  (Lubin  et  al. ,  1976)  and  field  studies  (Haslam.  1981) 
showing  the  value  of  a  few  short  naps  for  recovering  or  sustaining  func¬ 
tioning  in  young  adults  otherwise  deprived  of  sleep. 

While  there  seems  to  be  little  doubt  that  napping  is  better  than 
no  sleep  at  all.  it  is  somewhat  less  certain  how  napping  can  be  most 
efficiently  employed  by  individuals  restricted  in  sleep  length  and  oppor¬ 
tunity.  From  the  perspective  of  maintaining  effective  functioning  during 
quasi -continuous  operations,  we  have  proposed  using  napping  prophylac- 
tically  to  ward  off  the  deleterious  effects  of  sleep-deprivation,  that  is, 
prior  to  profound  sleep  need  developing.  As  we  have  seen  above,  this 
would  necessarily  require  taking  into  account  Individual  differences  in 
sleep  need,  frequesvcy  of  napping,  ability  to  nap,  and  responses  to  naps; 
and  recognizing  that  there  may  be  periods  of  the  day,  especially  during 
the  circadian  trough,  when  napping  may  be  counterproductive.  Before  nap¬ 
ping  regimes  can  be  applied  to  problems  of  sustained  operations,  it  is 
Important  to  discuss  the  mechanisms  that  may  be  indicative  of  control  over 
napping,  the  full  negative  and  positive  consequences  of  napping,  and  the 


degree  to  which  these  vary  as  a  function  of  individual  differences  and 
environmental  circumstances . 

2  .  The  Consequences  of  Napping. 

reelings  of  sleepiness  and/or  fatigue  are  the  most  consistent  pre¬ 
cursors  of  sleep,  and  though  it  is  uncertain  whether  they  are  causal  to 
sleep,  part  of  sleep,  or  related  via  another  mechanism  (Rechtschaffen, 

1971 ,  19/9),  it  is  common  to  find  that  they  are  also  the  parameters  most 
changed  following  sleep.  This  appears  to  be  equally  true  for  daytime  nap¬ 
ping.  Following  the  laboratory  naps,  nappers  reported  being  less  sleepy, 
less  tired,  less  deactivated,  and  more  energetic  relative  to  before  the 
naps  and  after  wake  control  periods.  They  also  expressed  satisfaction 
with  the  naps,  indicated  they  were  refreshing,  and  felt  better  relative  to 
before  them.  Their  mood  was  clearly  more  positive  and  this  appears  to 
be  the  most  consistent  finding  among  studies  of  habitual  nappers  (Toub 
et  al.  ,  1 9 7 (» ;  Bertelson,  1979).  In  contrast,  and  as  expected,  conllrmed 

non-nappers  revealed  no  change  in  sleepiness  or  tiredness  ratings,  and 

★ 

actually  reported  feeling  worse  after  the  naps  than  before  them. 

Changing  the  nap  environment  from  an  optimal  one  to  a  non-opttmnl 
one  pnxlucod  somewhat  less  positive  mood  post-nap  in  nappers,  especially 
appetitive  nappers,  though  the  effect  was  very  modest.  Nappers  basically 


*To  our  knowledge,  our  laboratory's  program  is  the  first  to  report  the 
effects  of  daytime  naps  on  habitual  non-nappers.  However,  it  must  be  kepi 
in  mind  that  the  non-nappers  we  chose  to  study  were  a  select  small  percent¬ 
age  of  non-nappers  who  specifically  avoided  napping  because  it  produced 
unpleasant  consequences  for  them.  Their  mood  following  the  laboratory  nap* 
clearly  validates  the  selection  criteria.  There  are  many  non-nappers  who 
do  not  report  naps  as  unpleasant,  and  consequently  it  is  not  certain  how  they 
would  respond  to  nap^.ig. 
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reported  feeling  better  after  the  naps,  and  the  slightly  smaller  degree  of 
subjective  benefit  following  the  nap  in  the  alerting  environment  was  likely 
related  to  the  increased  disturbance  of  sleep  during  the  nap.  This  took 
the  form  of  greater  sleep  stage  lability  and  increased  transient  fluctuations 
to  wakefulness.  The  fluctuations  were  so  brief  (15  sec.)  that  TST  was  no 
shorter  than  DAY  2 ,  but  stage  1  was  significantly  increased  at  tho  expense 
of  stage  4  sleep,  a  result  also  noted  in  the  Ichihara  et  al.  (1979)  investi¬ 
gation  of  napping  in  a  chair.  Consequently,  while  non-sleep-deprived 
nappers  were  able  to  sleep  in  an  alerting  nap  environment,  the  added  stim¬ 
ulation  from  that  environment  markedly  changed  the  infrastructure  of  nap 
sleep  without  significantly  attenuating  the  positive  mood  increases  the 
nap  provided  for  habitual  nappers.  This  suggests  napping  is  not  only  pos¬ 
sible,  but  potentially  beneficial  in  less  than  ideal  circumstances,  though, 
of  course,  extremely  hostile  surroundings  could  make  sleep  more  difficult. 

While  all  subjects'  nap  sleep  was  affected  by  the  alerting  environ¬ 
ment,  confirmed  non-nappers  were  most  affected.  Despite  a  similar  TST, 
they  averaged  61%  less  stage  4  sleep  and  43%  more  stage  1  sleep,  due 
to  twice  as  many  transient  awakenings  in  the  alerting  environment.  The 
magnitude  of  these  nap  sleep  Infrastructure  alterations  was  primarily  the 
result  of  non-nappers  having  a  large  proportion  of  their  nap  in  the  optimal 
envitonment  in  a  deep,  highly  consolidated  sleep.  This  seems  to  confirm 
what  we  had  originally  hypothesized  to  bo  the  basis  underlying  confirmed 
non-nappers'  reports  of  naps  having  negative  consequences.  That  is,  it 
appears  that  when  they  nap,  particularly  in  surroundings  similar  to  nighttime 
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sleep,  they  display  a  sleep  morphology  reminiscent  of  early  nocturnal 
NREM  sleep.  It  may  well  be  that  waking  confirmed  non-nappers  from  an 
afternoon  nap  is  analogous  to  waking  someone  after  the  first  hour  of  noc¬ 
turnal  sleep  —  an  experience  most  of  us  would  likely  describe  as  un¬ 
pleasant.  Such  an  interpretation  is  not  inconsistent  with  Taub’s  (1977) 
suggestion  that  non-nappers  would  ftnd  naps  unpleasant  because  nappi  ng 
would  alter  their  typical  sleep/wakefulness  cycle.  We  are  suggesting 
that  the  alteration  actually  involves  the  onset  of  a  nocturnal  sleep  pattern 
in  the  afternoon. 

How  then  do  nappers,  especially  non-sleep-doprived  nappers, 
adapt  their  nap  sleep  to  avoid  the  highly  consolidated  sleep  pattern  of 
non-nappers  ?  The  answer  appears  to  be  that  they  have  more  transient 
light  sleep  during  their  naps  in  a  sleep-corducive  environment.  Appetitive 
nappers  napped  most  frequently  and  typically  had  the  highest  number  of 
transient  sleep  stage  changes  and  stage  1  epochs,  as  well  as  the  largest 
amount  of  stage  1  sleep.  In  both  our  earlier  work  (Evans  et  al. ,  1977)  and 
DAY  2  of  the  current  study,  they  were  significantly  above  confirmed  non- 

nappers  In  these  parameters,  with  replacement  nappers  in  between  the  two 

* 

groups.  This  is  an  intriguing  finding,  and  though  a  firm  conclusion  regarding 

*hoth  Taub  et  al.  (1976)  and  Bertelson  (1979)  have  reported  even 
higher  proportions  of  light  sleep  during  naps  by  habitual  nappers,  and 
Lawrence  (1971)  has  remarked  on  the  profound  individual  differences  on  this 
parameter.  Bertelson  (1979)  reports  the  only  study  outside  our  laboratory 
that  compared  appetitive  nappers1  and  replacement  nappers1  nap  sleep  infra¬ 
structure.  She  fo  ind  a  nonsignificant  trend  for  appetitive  nappers  to  have 
more  stage  1  sleep  (£“1.3,  df»18,  £<.10).  In  our  earlier  study  (Evans  & 

Orne,  1975),  we  noted  significantly  more  stage  1  sleep  in  appetitive  nappers 
relative  to  replacement  nappers.  While  in  our  current  study  appetitive  nippers 
also  have  more  light  sleep,  the  difference  was  not  significant. 
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the  significance  of  it  is  not  possible,  it  is  not  difficult  to  speculate  on 
a  potential  function  for  nappers'  typical  nap  sleep  infrastructure. 

Afternoon  napping  in  habitual  nappers  appears  not  to  interfere  with 
subsequent  nocturnal  sleep  quality.  However,  there  is  some  evidence 
that  slow  wave  sleep  (SWS)  obtained  during  late  afternoon  naps  (4-6  p.m.) 
reduces  the  amount  of  SWS  during  the  subsequent  night's  sleep  (Karacan, 
Williams,  Finley,  &  Hursch,  1970).  For  habitual  nappers,  it  might  bo 
highly  adaptive  to  nap  in  such  a  way  as  not  to  disturb  subsequent  nocturnal 
sleep  in  terms  of  reduced  SWS  or  alteration  of  a  process  concomitant  with 
SWS,  such  as  growth  hormone  release  (Takahashi ,  1979).  Naps  comprised 
of  fluctuations  to  fleeting  wakefulness  and  light  sleep  would  minimize  the 
amount  of  SWS.  Increased  light  sleep  would  also  contribute  less  to  the 
immediate  post-nap  performance  decrement,  and  allow  nappers  to  engage 
in  environmental  monitoring  to  facilitate  spontaneous  awakening  from  naps 
(though  little  is  known  about  the  awakening  process).  To  further  understand 
the  relevance  of  nap  sleep  Infrastructure  for  the  consequences  ot  napping, 
studies  of  nocturnal  sleep  before  and  after  naps  by  habitual  nappers  and 
confirmed  non-nappers  would  have  to  be  completed. 

We  have  suggested  that  nap  sleep  infrastructure  may  have  some 
relevance  for  confirmed  non-nappers'  post-nap  attitudes  toward  the  nap. 
Generally,  studies  of  habitual  nappers  have  not,  however,  supported  the 
existence  oi  any  meaningful  relationship  between  nap  sleep  staging  or 
length,  and  post-nap  waking  function  (Taub  et  al. ,  1976;  Taub  et  al. ,  I97h; 
Taub  (Sr  Tanguay,  1977).  While  our  habitual  nappers'  data  are  consistent 


with  this ,  we  would  qualify  the  statement  by  noting  it  is  true  as  long  as 
one  assesses  mood  and  performance  15  minutes  or  more  after  the  nap,  to 
avoid  acute  "sleep  inertia"  (Lubin  et  al. ,  1976). 

Immediately  after  a  nap  both  mood  and  performance  are  somewhat 
depressed,  and  these  post-nap  decrements  appear  to  be  associated  with 
different  aspects  of  nap  sleep  infrastructure.  For  example,  the  majority  of 
subjective  benefits  from  naps  were  most  evident  40-60  minutes  post-nap 
cr  oared  to  6-10  minutes  post-nap  (Table  8).  Similarly,  post-nap  reaction 
me  (RT)  performance  was  slower  out  of  sleep  than  wakefulness,  and  the 
d  .,er  the  sleep  stage,  the  slower  the  RT  (Figure  7A),  a  result  well-docu¬ 
mented  in  the  literature  (Goodenough  et  al. ,  1965;  Okuma  et  al. ,  1966; 

■Scott  &  Snyder,  1968;  Webb  &  Agnew,  1964).  Most  interesting ,  however, 
was  the  relationship  between  the  immediate  post-nap  decrement  in  complex 
cognitive  performance  and  TST  during  trie  naps  (see  Dinges  et  al. ,  1981), 

The  longer  the  sleep  the  greater  the  immediate  cognitive  decrement  (Figure  7B). 

This  is  not  only  the  first  demonstration  of  a  cognitive  performance 
decrement  following  afternoon  naps,  but  is  the  first  study  to  report  a  rela¬ 
tionship  between  the  degree  of  decrement  and  TST,  rather  than  sleep  stage 

at  nap  termination.  To  our  surprise,  the  cognitive  decrement  was  largely 
/ 

unaffected  by  either  an  alerting  nap  environment  or  a  very  loud  waking  bell . 
and  this  is  congruent  with  a  conclusion  from  a  series  of  nocturnal  post¬ 
sleep  decrement  studies  (Hartman,  Storm,  Vanderveen,  Vanderveen,  Hale 
&  Bollinger,  1974).  Given  the  number  of  tasks  that  have  shown  post-sleep 
decrements,  it  seems  reasonable  to  conclude  that  the  immediate  effects  of 
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sleep  on  waking  performance  are  negative,  even  if  the  sleep  is  a  rela¬ 
tively  brief  daytime  nap  by  a  non-sleep-deprived  habitual  napper  in  an 
alerting  environment. 

Since  the  decrements  appear  to  be  partly  a  function  of  the  depth 
of  sleep  (via  sleep  stage  or  TST),  it  is  entirely  likely  that  they  would  be 
even  more  severe  following  naps  by  sleep -deprived  individuals  (Naitoh, 
1981),  or  sleep  periods  during  the  circadian  trough  (Fort  &  Mills,  1972), 
or  both  (Naitoh,  1981).  Consequently,  though  they  are  transient ,  they 
pose  a  potential  risk  for  individuals  sleeping  during  sustained  operations, 
particularly  if  those  individuals  have  been  sleep-deprived.  On  the  other 
hand,  anecdotal  reports  suggest  that  pre-sleep  sets,  motivational  factors, 
and  a  variety  of  alerting  behaviors  may  serve  to  modify  the  decrements. 

If  Naitoh  (1981)  is  correct  in  concluding  that  the  decrement  can  last  for 
hours  after  a  nap  by  sleep-deprived  individuals  (during  the  trough  of  the 
circadian  cycle),  then  more  work  is  clearly  needed  on  the  factors  affecting 
the  duration,  intensity,  and  modification  of  the  post-nap  performance 
decrement. 

Though  functioning  appears  to  be  impaired  immediately  after  a  nap, 
it  is  typical  for  performance  to  recover  to  or  above  pre-nap  levels  within 
30  minutes  of  an  afternoon  nap,  depending  upon  the  task,  pre-sleep  con¬ 
ditions,  and  the  individual.  Thus,  the  greater  the  post-nap  cognitive 
decrement  we  observed,  the  greater  the  subsequent  improvement  in  perform¬ 
ance.  Some  performance,  particularly  RT,  is  reported  to  be  significantly 
above  pre-nap  levels  following  naps  by  non- sleep-deprived  habitual  nappers 
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(Taub,  1977),  though  Bertelson  (1979)  could  not  replicate  the  result.  In 
sleep-deprived  subjects  nearly  every  type  of  performance  affected  by 
sleep  deprivation  has  been  shown  to  improve  above  pre-sleep  levels  fol¬ 
lowing  naps  (e.g. ,  Lubin  et  al. ,  1976;  Obstad  et  al. ,  1978;  Haslam, 
1981),  though  it  may  depend  on  the  nap  taking  place  outside  of  the  cir¬ 
cadian  trough  (Naitoh,  1981). 

Similar  improvements  in  physiological  indices  of  activation  have 
been  reported  following  naps  by  sleep-deprived  (Haslam,  1981)  and  non¬ 
sleep-deprived  subjects  (Taub,  1977).  Though  we  could  not  replicate 
Taub,<‘  (1977)  physiological  results  for  non-sleep-deprived  habitual  nap- 
pers,  this  may  in  part  have  been  due  to  methodological  differences  be¬ 
tween  the  studies,  including  nap  length,  frequency  of  measurement, 
adaptation  of  the  subjects  to  the  laboratory,  subjects'  napping  expectan¬ 
cies;  and  activities  intervening  between  the  nap  and  measurement. 
Despite  the  lack  o*  consensus  between  laboratories  in  the  area  of  post¬ 
nap  behavioral  and  physiological  efficiency  in  habitual  nappers,  there  is 
full  agreement  that  nappers  report  naps  help  them  function,  and  the  in¬ 
crease  in  positive  mood  states  after  naps  fully  supports  this  contention. 

This  result  alone  suggests  napping  to  be  beneficial  to  morale  and 
thus  an  effective  stimulus  to  positive  motivations  necessary  to  resist  the 
consequences  of  sleep  loss  during  sustained  operations.  We  propose 
that  napping  in  advance  of  accumulated  sleep  debt  is  likely  to  provide 
the  individual  with  greater  resiliency  to  the  effects  of  sleep  loss,  and 
allow  him  to  function  more  effectively  over  a  longer  period  of  time.  The 


194. 


next  study  should  seek  to  directly  test  whether  or  not  a  brief  nap  in 
advance  of  sleep  deprivation  would  not  positively  affect  an  individual's 
response  to  deprivation.  This  would  determine  the  efficacy  of  napping 
prophylactically .  Following  this,  and  to  some  extent  regardless  of  the 
outcome,  studies  should  be  done  to  investigate  the  degree  to  which 
individuals  can  gain  control  over  their  sleep  onset  to  determine  if  during 
slack  periods  of  quasi -continuous  work  schedules  they  can  sleep  at 
will  prior  to  the  next  sustained  work  period.  Some  of  the  data  we  col¬ 
lected  in  the  current  study  bears  directly  on  the  issue  of  control  of  sleep 
onset. 

3.  The  Control  of  NoppLng. 

The  survey  data  make  it  clear  that  napping  is  quite  common  among 
the  adult  college  population,  with  around  55%  habitually  napping  at  least 
once  a  week,  and  another  29%  indicating  they  could  nap  if  they  had  the 
time  or  needed  the  sleep.  The  remaining  are  habitual  non-nappers  who 
either  revwrt  not  being  able  to  nap  (6%)  or  that  naps  produce  unpleasant 
aftereffects  causing  them  to  avoid  napping  (8%).  While  the  napping  per¬ 
centage  is  in  good  agreement  with  other  surveys  of  this  population  (Lawrence. 
1971;  Webb,  1975;  White,  1975;  Kunken,  1977),  this  is  the  only  data  we 
know  of  exploring  the  reasons  why  individuals  do  or  do  not  nap  (see  also 
Evans  &  Orne,  1975). 

Daytime  napping  appears  to  be  prevalent  or  possible  in  over  three- 
quartets  of  young  adults,  and  the  bulk  of  the  napping  appears  to  be  a 
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function  of  normal  variation  in  sleep/wakefulness  cycles  resulting  from 
busy  and  varied  activity  schedules.  For  example,  replacement  nappers 
make  up  about  one-third  of  the  population,  and  they  nap  following  nights 
of  slightly  reduced  nocturnal  sleep  due  to  getting  up  45  minutes  earlier 
on  nap  day  mornings .  The  earlier  arising  time  is  related  to  activity 
scheduling  rather  than  to  a  poor  night's  sleep,  as  evidenced  by  replace¬ 
ment  nappers  rating  themselves  as  having  slept  well  on  91%  of  the 
nights  before  nap  days,  and  88%  of  the  nights  before  non-nap  days. 

Neither  percentage  indicates  nocturnal  sleep  problems.  Similarly,  per¬ 
sonality  tests,  laboratory  sleep  sessions,  circadian  curves ,  and  sleep 
diaries  fully  document  that  habitual  nappers  are  normal,  healthy,  active 

•k 

young  adults. 

There  is  also  no  data  to  suggest  that  confirmed  non-nappers  were 
unusual  other  than  reporting  naps  produced  unpleasant  aftereffects.  How¬ 
ever,  it  is  noteworthy  that  Bertelson  (1979)  found  that  habitual  non-nappers 
had  higher  levels  of  negative  affect  than  nappers.  She  attributed  this  to 
the  relaxation  and  improved  affect  that  comes  with  taking  a  break  during 
the  day  regardless  of  whether  it  involves  sleep.  Nippers'  naps  provide 
such  a  break,  while  non-nappers  appear  not  to  take  a  break  either  in  the 
form  of  a  nap  or  waking  bedrest.  Such  an  explanation  is  not  inconsistent 
with  the  bulk  of  the  non-nappers  wc  surveyed  indicating  that  they  did  not 
have  time  to  nap. 

+We  emphasize  this  again  lest  one  reach  the  erroneous  conclusion 
that  habitual  nappers  must  be  suffering  from  excessive  daytime  sleepiness, 
and  therefore  are  at  risk  for  nocturnal  sleep  pathologies. 
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Though  appetitive  nappere  make  up  only  12%  of  those  surveyed, 
they  provide  a  dramatic  contrast  to  habitual  non-nappers  by  displaying 
the  greatest  control  over  nap  sleep  onset  as  evidenced  by  their  napping 
an  average  of  one  out  of  every  two  days  (Figure  3).  Further,  unlike 
replacement  (tappers,  appetitive  (tappers'  nocturnal  sleep  did  not  predict 
their  daytime  napping.  Their  non-nap  days  were,  however,  characterized 
by  extremely  low  deactivation-sleep  ratings,  particularly  during  the  mid¬ 
day  period  when  naps  would  typically  occur  (Figure  11).  Curiously, 
this  was  also  seen  on  nap  DAY  3  in  the  laboratory,  and  may  indicate  that 
they  expected  not  to  nap  in  the  alerting  environment.  Since  they  never¬ 
theless  slept  on  DAY  3,  it  is  likely  this  lack  of  sleepiness  on  non-nap 
days  does  not  cause  them  not  to  nap,  rather  it  probably  reveals  an  expec¬ 
tation  that  a  nap  is  either  not  necessary  and/or  not  likely,  but  not  im¬ 
possible.  Replacement  nappers  and  confirmed  non-nappers  may  have  had 
similar  expectations  about  not  being  able  to  nap  in  the  alerting  environ¬ 
ment;  however,  they  increased  the  likelihood  of  overcoming  these  expecta¬ 
tions  by  increasing  their  daytime  sleep  need  through  shortened  nocturnal 
sleep  the  night  before  (Figure  14). 

The  fact  that  both  appetitive  and  replacement  napper  groups  showed 
a  characteristic  pattern  of  increasing  sleepiness  and  calmness  with  de¬ 
creasing  activation  between  noon  and  4  p.m.  on  nap  days  relative  to  non¬ 
nap  days  suggests  that  these  pre-nap  subjective  changes  are  probably  not 
related  to  sleep  need  in  terms  of  shortened  nocturnal  sleep.  Similar  changes 
were  observed  in  the  laboratory  for  all  subjects  who  slept,  including 
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non-nappers,  as  the  nap  onset  time  approached,  such  that  by  nap  onset 

activation  and  sleepiness  ratings  were  significantly  below  the  values 

for  the  onset  of  wake  control  periods.  These  subjective  changes , 

together  with  the  lower  temperatures  nappers  had  on  nap  days  relative 

to  control  days  and  non-nappers ,  reflect  a  pre-nap  psychophyslologlcal 

preparation  on  the  part  of  nappers  characterized  by  lowered  activation. 

The  result  may  not  be  inseparable  from  the  natural  biorhythmic  decline 

in  activation  in  the  early  afternoon,  and  it  is  obviously  not  possible  to 

know  whethor  it  actually  causes  napping .  Nevertheless,  non-nappers 

who  were  unable  to  nap  in  the  laboratory  did  not  show  this  pre-nap 

decline  in  activation,  and  they  typically  averaged  the  highest  pre-nap 
* 

oral  temperature. 

Thus,  an  ability  to  prepare  for  a  nap  by  lowering  activation  may 
be  a  central  component  to  being  able  to  control  nap  sleep  onset  at  a 
variety  of  times  and  in  varying  environments,  as  appetitive  nappers 
appear  to  be  able  to  do .  We  suspect  that  the  vast  majority  of  individ¬ 
uals,  including  many  habitual  non-nappers,  possess  this  capacity  but 
do  not  use  it  often  enough  (i  .e. ,  nap)  to  make  it  seem  voluntary.  Re¬ 
placement  napping  suggests  that  an  Impetus  such  as  slightly  shortened 
nocturnal  sleep  is  necessary  to  permit  most  individuals  the  Justification 


*Taub  (1977)  has  noted  that  temperature  changes  across  naps  may 
not  be  consistent  with  other  psychophyslologlcal  Indices  of  activation,  and 
has  therefore  suggested  that  this  raises  problems  for  activation  considered 
as  a  unitary  concept.  It  may  be  that  activation  cannot  be  considered  uni- 
dlmenslonal,  but  it  is  also  relevant  to  note  that  temperature  may  be  more 
informative  prior  to  naps,  as  a  predictor  of  the  likelihood  of  sleep  and  its 
consequences ,  than  after  naps . 
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and  propensity  for  decreased  activation  that  may  servo  to  facilitate  nap¬ 
ping  .  However,  an  application  of  prophylactic  napping  to  quast-contin- 
uous  performance  situations  would  seek  to  enhance  the  individual  s 
control  over  the  ability  to  nap  without  an  increased  sleep  need.  Further 
work  is  needed  to  explore  the  techniques  that  will  enhance  the  control 
of  sleep  onset  at  various  times  and  under  less  than  optimal  circumstances . 
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DIRECTIONS  FOR  FUTURE  RESEARCH 

Thi*  study  has  provided  new  information  on  the  nature,  control, 
and  consequences  of  napping,  and  has  ‘'■alsed  a  number  of  theoretical  and 
practical  issues  relevant  to  an  understanding  of  sleep.  Since  we  have 
summarized  a  massive  amount  of  data,  it  may  be  useful  to  review  what 
we  have  learned  from  the  perspective  of  prophylactic  napping  and  Its 
potential  application  and  to  discuss  those  issues  that  will  need  to  be 
addressed  in  future  research  concerned  with  developing  ways  to  maintain 
effective  functioning  during  quasi-contlnuous  operations. 

The  conceptual  distinction  we  initially  made  between  replace¬ 
ment  napping  (only  when  tired)  and  appetitive  napping  (even  when  not 
tired)  relates  to  different  sleep/wakefulness  patterns.  Napping  appears 
to  result  from  a  different  kind  of  Increased  sleep  need  in  each  Instance. 
While  replacement  napping  occurs  in  response  to  nocturnal  sleep  need, 
appetitive  napping  may  satisfy  a  blphasic  sleep  cycle  where  napping  is 
the  second  sleep  phase,  providing  more  total  sleep  time  and  a  break 
from  prolonged  wakefulness.  The  replacement-appetitive  distinction 
not  only  permits  us  to  document  that  naps  are  used  to  supplement  rela¬ 
tively  small  fluctuations  in  the  amount  of  nocturnal  sleep,  but  also  sug¬ 
gests  that  napping  may  provide  the  necessary  sleep  to  permit  individuals 
to  function  for  prolonged  periods.  This  raises  the  Intriguing  possibility 
that  the  benefits  of  napping  can  be  "stored"  in  advance  of  sleep  loss, 
that  is,  prophylactic  napping. 

While  we  share  a  profound  interest  with  our  scientific  oolleagues 
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in  the  theoretical  question  of  whether  sleep  can  be  stored  (see  Moses, 
1978),  it  should  be  emphasised  that  from  a  pragmatic  point  of  view  our 
primary  aim  is  to  apply  prophylactic  napping  to  sustained  operations . 

Even  if  it  were  not  possible  to  store  whatever  benefits  are  derived  from 
sleep,  an  individual  capable  of  utilising  a  slack  period  for  napping 
would  enter  into  a  period  of  continuous  performance  having  slept  far  more 
recently  than  other  personnel  who  had  remained  awake  throughout.  Thus , 
at  the  very  least,  the  amount  of  wakefulness  prior  to  prolonged  sleep 
deprivation  would  have  been  reduced .  The  utilization  of  slaok  periods 
during  quasi-continuous  performance  would  tend  to  further  limit  the 
accumulation  of  sleep  debt. 

One  of  the  major  limitations  on  the  deployment  of  prophylactic 
napping  is  the  period  of  time  following  sleep  that  an  individual  is  unable 
to  function  effectively.  Our  data  clearly  show  that  the  immediate  post- 
nap  decrement  in  simple  reaction  time  performance  is  related  to  the  stage 
of  sleep  upon  awakening,  but  the  decrement  in  complex  cognitive  perform¬ 
ance  (which  is  of  far  greater  Importance)  is  related  to  the  total  time  in 
deep  (non-REM)  sleep  during  naps.  The  performance  decrement  may  per¬ 
sist  for  a  considerable  period  of  time.  Research  is  needed  to  determine 
what  if  any  procedures  can  minimize  the  duration  of  time  performance  is 
Impaired  following  a  nap.  Enough  is  known,  however,  to  suggest  that  in 
sleep -deprived  individuals  napping  will  result  in  a  more  profound  and 
longer  post-sleep  performance  decrement  than  seen  in  individuals  who 


nap  without  prior  sleep  loss . 
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In  considering  continuous  operations ,  the  choice  is  not  whether 
personnel  will  nap,  but  rather  whether  this  will  occur  at  optimal  times 
under  the  control  of  the  individual,  before  he  is  sleep-deprived,  or 
whether  it  will  occur  largely  Involuntarily  in  a  sleep-deprived  individual 
whose  performance  is  already  impaired.  Sinoe  it  appears  that  the  time 
of  day  selected  for  a  nap  is  of  crucial  Importance  for  its  effectiveness 
in  maintaining  functioning  (see  Naitoh,  1981),  prophylactic  napping 
undertaken  voluntarily  by  trained  personnel  will  be  far  more  effective 
and  lead  to  considerably  shorter  periods  of  vulnerability  than  sleep  that 
otherwise  typically  overtakes  personnel  at  the  ciroadlan  trough  when 
they  are  least  likely  to  benefit  from  a  nap.  The  essential  components 
to  prophylactic  napping  would  appear  to  be  utilizing  availablo  sleep 
opportunities  early  on,  at  the  appropriate  times  of  the  circadian  cycle  -- 
prior  to  the  accumulation  of  sleep  debt. 

Our  data  indicate  that  some  55%  of  the  young  adult  population 
nap  habitually  and  at  least  another  30%  have  napped  in  the  past  and 
report  that  they  would  be  capable  of  napping  If  It  were  necessary  or 
desirable  to  do  so.  Since  soldiers  seeking  to  practice  prophylactic  nap¬ 
ping  would  not  be  sleep-deprived,  would  be  in  a  stress  situation,  and 
lack  desirable  sleep  opportunities,  even  habitual  nappers  would  probably 
find  it  difficult  to  achieve  sleep  without  some  specific  sleep  discipline 
training.  Our  work  suggests  that  such  training  should  be  possible  and 
relatively  easy  for  a  very  large  majority  of  the  population.  In  addition 
to  individuals  learning  the  skill  of  controlling  sleep  onset,  it  is  equally 
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Important  to  consider  some  of  the  social  psychological  procedures  that 
would  make  napping  an  acceptable  activity  for  military  personnel.  This 
is  true  not  only  for  enlisted  personnel  but  probably  even  more  important 
for  both  Junior  and  senior  officers . 

The  current  research  further  supports  our  view  that  the  systematic 
use  of  napping  during  slack  periods  of  sustained  operations  —  for  the 
purpose  of  facilitating  continued  effective  functioning  —  seems  to  be  a 
practical  way  to  prevent  the  debilitating  effects  of  sleep  loss  on  personnel. 
Future  research  will  be  directed  toward  a  test  of  the  value  of  a  nap  in 
advance  of  sleep  loss,  and  to  the  study  of  factors  that  will  enhance  indi¬ 
viduals'  control  over  sleep  onset  as  well  as  sleep  offset. 
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Survey  of  Subjective  Sleep  Patterns 


Name: _ 

first 


middle 


_ _ Date  /  / 

last 


Date  of  Birth: 

Sex: 

Class 

Address: 

Phone: 

People  vary  greatly  in  their  patterns  of  sleep  and  in  their  preferred  times 
for  sleeping.  We  are  interested  in  obtaining  data  on  various  patterns  of  night¬ 
time  sleep  and  also  on  the  frequency  of  ability  to  sleep  during  the  day  time.  We 
would  very  much  appreciate  your  cooperation  in  giving  us  information  on  how 
you  sleep,  when  you  sleep,  and  how  deeply  you  sleep,  by  filling  in  this 
questionnaire. 

Please  answer  each  question  by  checking  the  appropriate  description  of 
the  fr  equency  of  occurrence  or  by  filling  in  the  blanks  on  the  questions  which 
have  them.  There  is  room  for  general  comments  at  the  end  of  the  questionnaire. 
Please  answer  every  question. 


1 .  How  many  hours  of  sleep  did  you  have  last  night? 

2  .  During  the  past  year,  how  many  hours  of  sleep  have  you 
regularly  had  ? 

3 .  How  many  hours  of  sleep  would  you  like  to  have  each  night  ? 

4.  How  many  hours  of  sleep  do  you  feel  you  need  each  night? 

5.  Do  you  sleep  as  deeply  os  you  would  like?  Yes _ No 

6 .  When  you  first  wake  up,  do  you  typically  feel  slow  and  lethargic  ?  (Yes 

No _ )  or  do  you  typically  feel  refreshed  and  ready  to  go?  (Yes _ Mo 

7.  Did  you  sleep  well  last  night?  Yes _ No 

8.  Do  you  usually  sleep  well?  Yes _ No 

9.  Could  you  go  to  sleep  now  if  you  had  the  time?  Yes _ No 
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10.  Sometimes  what  people  do  before  felling  esleep  Influences  how  well  they 
sleep.  Some  people  count  sheep,  others  unwind  by  reading  a  science 
fiction  novel  before  turning  off  the  light.  Some  people  like  a  hot  drink, 
but  this  would  be  considered  most  undesirable  by  others.  While  many 
of  us  brush  our  teeth  before  retiring,  others  may  look  under  the  bed. 

Describe  briefly  those  activities  you  typically  complete  before  falling  asleep 
which  you  feel  help  you  to  sleep  well. _ 


11 .  People  describe  many  personal  preferences  about  the  conditions  under  which 
they  sleep  best  (e.g.,  some  people  cannot  sleep  with  a  fan  blowing  on 
them,  others  feel  they  cannot  sleep  unless  they  are  close  to  an  open 
window). 

List  as  specifically  as  you  can  three  s pedal  conditions  which  are  moat 
likely  to  help  you  sleep  well: 

1. _ i. _  3. _ 

List  three  conditions  you  sometimes  encounter  under  which  you  have  a  great 
deal  of  difficulty  sleeping  well: 


12  .  Indicate  the  appropriate  times  when: 

Las 

Hour 

night 

am/pm 

Us” 

Hour 

tally 

am/pm 

a.  You  felt  very  sleepy 

b.  You  went  to  bed 

1 

i  c.  You  fell  asleep 

j  l 

i 

..  .n - .1 

d.  You  woke  up  durinq  the  night 

_ 

! 

i 

— . — 

e.  You  woke  up  in  the  morning 

1 

1 

' 

f.  You  got  out  of  bed 

_ 

_ 1 

13.  Do  you  fall  asleep: 

a.  On  long  car  trips 

b.  While  reading  a  book 

c.  While  studying 

d.  During  a  play,  at  the  theater 

e.  On  plane  or  train  trips 

f.  While  watching  a  movie 

g.  During  lectures  and  speeches 

h.  At  times  of  stress 
l.  While  watching  TV 

j.  After  a  particularly  good  meal 

14.  Do  you  sometimes  feel  that  you 

have  slept  too  long  ? 

15 .  Do  you  sometimes  feel  that  you 

have  not  slept  long  enough? 

16.  Do  you  walk  in  your  sleep? 

17.  Do  you  talk  In  your  sleep? 

18.  Do  you  find  sleep  satisfying? 

19.  Do  you  have  difficulty  falling 

asleep  at  night? 

20.  Are  you  a  deep  sleeper? 

21 .  Do  you  wake  up  during  the  night? 

22  .  Do  you  fall  asleep  readily? 

23  .  Do  you  take  catnaps  during  the 

day? 
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INSTRUCTIONS  FOR  PART  II 


The  last  question  you  answered  read: 
23.  Oo  you  take  catnaps  during  the  day? 


Your  answer  to  thli  question  was: 


Always 

Usually 

Sometlries 

Rarely 

Never 


Like  so  many  other  things,  some  people  nap  regularly,  and  others 
never  take  naps,  while  most  people  fall  somewhere  In  between — napping  on 
occasions  depehdlng  on  a  variety  of  circumstances.  We  are  Interested  in 
studying  some  of  the  reasons  why  some  people  nap,  but  others  do  not,  and 
what  are  some  of  the  characteristics  which  account  for  whether  people  nap. 
The  next  part  of  this  questionnaire  is  divided  into  two  sealed  sections,  one 
colored  green,  on  paces  5-7.  and  one  colored  blue,  on  pages  8  -  11 .  You 
should  complete  only  one  of  the  two  sections,  depending  on  your  answer  to 
Question  23  regarding  napping. 

(a)  IF  you  answered  question  23  either  Rarely  or  Never  (Indicating 
that  you  rarely  or  never  take  catnaps),  you  should  turn  to  the  green  Section,!! 
on  the  next  page  (page  S),  break  the  seal,  and  complete  it.  Do  not  complete 
the  blue  section  beginning  on  page  8,  and  please  do  not  break  the  seal  on 
the  blue  section.  The  information  you  are  providing,  together  with  what  you 
have  already  provided,  is  extremely  Important  because  it  will  be  possible 
to  determine  whether  there  are  differences  in  the  patterns  of  sleep  of  those 
who  rarely  or  never  nap  compared  to  those  who  do  nap  on  at  least  some 
occasions . 


(b)  IF  you  answered  question  23  either  Always ,  Usually  or  Some¬ 
times  ,  indicating  that  you  catnap  at  least  sometimes,  you  should  turn  to  the 
blue  Section  III  on  page  8 .  break  the  seal,  and  complete  it.  Do  pot  complete 
the  green  section  on  page  5,  and  please  do  not  break  the  seal  on  the  green 
Section  II  (pp.  5  -  7).  By  answering  the  following  questions,  we  will  learn 
a  great  deal  more  about  the  characteristics  of  napping. 

In  summary,  on  the  basis  of  your  answer  to  question  23  about  how 
often  you  nap,  determine  whether  you  should  complete  Section  II  (green)  or 
Section  III  (blue).  Complete  the  appropriate  section,  breaking  only  its  seal. 
DO  NOT  break  the  seal  of  the  section  you  do  not  have  to  complete. 


Break  the  seal  and  continue  only  if  you  answered  Question  23  .  j 

j 

either  "Rarely"  or  "Never**  (indicating  you  tend  aalto  take  catnaps). 

Otherwise,  if  you  do  catnap,  turn  to  the  blue  section  (page  8).  ! 


Section  II 
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I  Lilted  below  are  several  reasons  why  a  poison  may  rarely  or  never  nap. 
Please  check  each  reason  on  the  five  point  scale:  S  Indicating  the  reason 
quite  definitely  applies  to  you;  1  indicating  the  reason  is  largely  irrelevant. 

Definitely  Irrelevant 

Applies 


5 

4 

3 

2 

1 

a . 

No  time  available  . . . . 

1 

1 

b. 

Napping  is  an  unpleasant  experience  . 

"1 

c. 

I  do  not  have  any  need  to  nap . . 

1 

_ 1 

J 

d. 

Nappiny  tntarferec  v/ith  my  work  (studying) 

1 

_ 

e. 

Napping  interferes  with  my  leisure 
entertainment  . . . 

f. 

I  would  not  be  able  to  fall  asleep  . . 

-  - 

U  -  ■  J 

q- 

I  would  not  feel  any  better  after  napping  . . . 

•  -j 

-  r- 

1 

h. 

I  would  not  feel  any  less  tired  after  napping 

i. 

If  I  napped,  I  would  not  he  able  to  sleep 
well  at  night  .  . 

.  _  J 

J. 

I  already  get  enough  sleep,  so  do  not 
need  to  nap  . . * . 

k. 

Napping  produces  unpleasant  physical 
aftereffects  . . . . . . . 

1. 

Napping  produces  unpleasant  mental 
aftereffects  . . 

m. 

Resting  without  falling  atnleep  is  more 
beneficial  . . . . . 

n. 

Napping  is  a  sign  of  laziness 

1 

o.  Other  reasons  (specify) 


2.  Which,  in  order  of  importance,  of  the  above  reasons,  are  your  main  reasons 

for  not  napping?  1 _ . _ 2 _ „ _ 3 _ 

Which  of  the  above  reasons  are  least  important?  1 _ _ . 

2  3 


i 

[? 


8.  In  our  attempts  to  explore  the  characteristics  of  napping  and  nonnapping 
behavior,  we  have  undoubtedly  failed  to  mention  several  aspects  of 
your  own  behavior  and  thoughts  about  the  topic.  Any  other  comments 
that  you  feel  might  be  relevant  would  be  extremely  valuable  to  us . 


Break  the  seal  and  continue  only  II  you  answered  Question  23 
either  "Always,  "  •'Usually'4  or  "Sometimes"  (indicating  you  do  take 
catnaps  on  at  least  some  occasions). 


Section  111 


ft  •' 


I 


k 

ti 

».'• 

I  :  V 

* 

V  * 

»  •  ' 
1 
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1 .  How  often  do  you  ttkc  naps? 


□  w  “°nth 


or 


per  week 


2  .  When  did  you  last  nep?  Day  _  Tima  from: _ until: 


3 .  What  time  of  the  day  do  you  prefer  to  nap? 

4 .  What  time  of  the  day  do  you  least  like  to  nep? 

5.  What  time  of  the  day  do  you  feel  most  tired  and  sleepy? 

6 .  What  time  of  the  day  do  you  feel  moat  alert  and  awake? 

7 .  What  time  of  the  day  do  you  feel  you  work  most  efficiently? 


8.  How  long  would  the  ideal  nap  last  for  you? 

9.  What  is  the  longest  period  of  time  you  nap? 

10.  What  la  the  shortest  period  of  time  you  nap? 

11 .  When  napping,  how  long  does  It  take  to  fall  asleep? 

12  .  When  you  do  nap,  how  long  does  it  typically  last  ? 

13 .  How  long  after  you  awaken  in  the  morning  doer  It  take 

before  you  are  ready  to  take  a  nap? 

14 .  How  long  before  you  plan  to  go  to  bed  for  the  night  would 

be  the  minimum  time  you  would  plan  not  to  take  a  nap? 

15 .  Check  which  of  the  following  alternatives  you  think  you 

would  prefer: 

i.  A  regular  (8  hours  or  so)  continuous  night's  sleep 

11.  Several  short  naps  throughout  the  24  hour  day 
when  you  felt  tired . 


Hr. 

am/pm 

!»«* 

Min. 

I" 


4 


4 


| 


l 


i 

i 


U 


yj-jim-t 


_ _ 


fcT.  '  >  ii  aril 


16.  Could  you  fall  asleep  and  nap  every 

day  if  you  had  the  time? 

17 .  Would  you  like  to  be  able  to  nap 

regularly  in  the  daytime? 

IS.  Do  you  find  that  naps  are  generally 
very  satisfying? 

19.  Do  most  of  your  naps  occur  "acci¬ 

dentally"  or  Involuntarily  (e.g. , 
while  reading,  watching  TV,  etc)? 

20 .  Do  you  voluntarily  like  to  nap  when 

you  have  the  time? 

21 .  Would  you  like  to  have  the  chance 

to  nap  more  often  than  you  do? 

22  .  Do  you  awaken  from  a  nap  feeling 
more  weary  and  tired  than  when 
you  fell  asleep? 

23.  Does  napping  improve  your  ability 

to  work  (at  a  task,  study,  etc.) 
when  you  awaken? 

24.  Does  napping  improve  your  ability 

to  concentrate  after  you  awaken  ? 

25.  Are  you  less  likely  to  nap  if  you 

got  a  regular  night's  sleep  the 
previous  night? 

26.  Is  a  nap  mote  satisfying  if  you  re¬ 

ceived  less  than  a  regular 
night's  sleep  the  night  before? 

27 .  Do  you  nap  even  when  you  do  not 

feel  very  tired? 

26.  Could  you  nep  almost  any  *ime 
during  daytime  hours  ? 


Defi¬ 

nitely 

YES 

Po»- 

sibly 

YES 

Poe- 

sibly 

NO 

Defi¬ 

nitely 

NO 

.  . .  ..  i 

1 

1 

i 

j 

1 

"  I 

. 1 

1 

i 

■j 


i 


J 


i 

i 


-.~r  .-*■ 

w  •  i  iSUe 


29,  What  are  the  condition*  under  which  you  are  most  likely  to  nap? 


30 .  Do  you  sometimes  feel  that  a  nap  was  not  very  refreshing,  and  that 

perhaps  you  wish  you  had  not  napped? _ If  Yes,  what  is 

it  about  the  circumstances  that  leads  you  to  think  so;  why  do  you 
think  some  naps  are  like  this? 


31 ,  What  do  you  find  are  the  main  differences  between  regular  sleep 
and  naps?  _ _ 


32 .  In  our  attempts  to  explore  the  nature  of  napping,  we  have  undoubtedly 
failed  to  mention  several  aspects  cf  your  own  napping  behavior. 

Any  other  comments  that  are  relevant  to  naps  that  you  take  would 
be  extremely  valuable  for  us .  _ _ _  _ 
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Patterns  of  Sleep  Questionnaire 

Form  SDt  Sleep  Diary  +j 


Name:  Day:  _______________ 

First  Middle  Last 

Date;  / _ l_ _  Time  of  Day:  _____  _ 

hour  a.m .  or  p.m .  ? 


Instructions: 

People  vary  greatly  in  their  patterns  of  sleep  and  in  their  preferred 
times  for  sleeping.  We  are  interested  in  obtaining  data  on  various  patterns 
of  nighttime  sleep  and  also  on  the  frequency  of  the  ability  to  sleep  during  the 
daytime.  You  have  previously  completed  a  questionnaire  regarding  your 
general  sleep  patterns  and  we  would  very  much  appreciate  your  cooperation 
in  giving  us  further  information  regarding  how  you  slept  last  night  by  filling 
in  this  questionnaire. 

For  consistency  of  the  duta  it  would  be  helpful  if  you  could  complete 
the  diary  as  soon  after  getting  up  in  the  morning  as  possible.  Most  people 
find  that  keeping  the  sleep  diary  on  a  small  table  or  chair  close  to  the  bed 
aids  in  reminding  them  to  answer  the  sleep  diary  questions  upon  arising  for 
the  day. 

Please  answer  each  question  by  checking  the  appropriate  description 
of  the  frequency  of  occurrence  or  by  filling  in  the  blanks  on  the  questions 
which  have  them .  There  is  room  for  general  comments  near  the  end  of  the 
questionnaire.  Please  answer  every  question. 


1.  How  sleepy  are  you  now? 

very  sleepy _  drowsy _  normally  tired  for  this  time  of  day. 

in  a  normal  wake  state  wide  awake ,  too  awake  to  sleep _ 

2.  Did  you  sleep  well  last  night?  ___________________________ 

3.  How  deeply  did  you  sleep  last  night? 
very  lightly; 

as  lightly  as  .  .  ,  i  .  j _ , _ I _ | _ | 

I  have  ever  123456789  10 

slept. 


very  deeply; 
as  deeply  as 
I  have  ever 
slept . 


12. 
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4.  What  time  did  you  wake  up  this  morning?  ______  _ 

hour  a.m.  or  p.m.  ? 


5 .  How  did  you  awaken  this  morning  ? 

□  spontaneously  Qalarm  clock  Qfriend  Qtelephone  Qother _ 

specify 

6.  What  time  did  you  get  up  this  morning  ?  _____  _ 

hour  a.m.  or  p .m .  ? 

7.  What  time  did  you  get  into  bed  last  night? _ 

hour  a.m.  or  p ,m .  ? 

8.  When  you  got  into  bed  last  night,  did  you  read  or  watch  television,  etc. , 
before  "shutting  off  the  light"  and  attempting  to  go  to  sleep?  QYes  Q|No 

9.  After  you  "shut  off  the  light, "  what  time  did  you  start  to  try  to  go  to  sleep? 


hour  a.m.  or  p .m .  ? 

10.  Approximately  what  time  did  you  go  to  sleep? _ 

hour  a.m.  or  p.m.  ? 

11 .  About  how  long  did  it  take  you  to  fall  asleep  last  night? _  _ 

hours  minutes 

12a.  Did  you  wake  up  during  the  night?  QjYes  |  [No 

b.  If  yes,  how  many  times? _ 

c.  Roughly  how  long  each  time?  _____  _  _ _ 

hours  minutes  hours  minutes 

1 3a .  Did  you  get  up  during  the  night  ?  Qno 

b.  If  yes,  how  many  times? _ 

c .  Approximately  how  long  each  time  ?  _  ______  _  _ 

hours  minutes  hours  minutes 

14.  How  many  hours  did  you  sleep  last  night?  _____  _ 

hours  minutes 

15a.  Did  you  dream  last  night?  L~Kes  |  "  ]n° 
b.  If  so,  do  you  recall  the  general  content  of  any  of  the  dreams? 

□  Quo 

16.  Have  you  taken  any  medications  in  the  past  24  hours  (e.g. ,  No-Doz, 
Darvon,  aspirin,  cold  pills,  penicillin,  codeine,  hayf ever  pills ,  etc.)? 

Please  list: _ _ _ 
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17.  How  many  hour*  did  you  spend  outdoors  yesterday?  _  _ 

hours  minutes 

18a.  Did  you  perform  any  regular  physical  exercise  for  30  minutes  or  more 
yesterday?  QjYes  f*~]  No 

b.  If  yes.  please  describe  briefly:  ___________________________________ 

Time  of  day:  from _ _ _ to _  _ 

hour  a«m»orp.m.?  hour  a.m.'vp.m.? 

19a.  Did  you  perform  any  special,  or  anymore  than  usual,  physical  exercise 

yesterday  —  even  if  only  for  a  short  time?  |  |Yea  i  ]no 

b.  If  yes,  please  describe  briefly:  __ _ ___ ______ — — — _____ __________ 

Time  of  day:  from  _ _  ___________  to _  ____________ 

hour  a.m.orp.m*?  hour  a.m.orp.m.? 

20a.  Did  you  concentrate  especially  hard,  or  more  than  usual,  on  any  special 
task  yesterday?  f"""jYas  I  |No 

b.  If  yes,  please  describe  the  task  briefly:  _______ _ ________________ 

Time  of  day:  from _ _ to _ 

hour  a.m.orp.m.?  hour  a.m.orp.m.? 

21a.  When  yesterday  did  you  feel  most  tired? _ 

hour  a.m.orp.m.? 

b.  How  long  did  the  tiredness  last?  _______ _ 

hours  minutes 

c.  Taking  yesterday  morning,  afternoon  and  evening  separately .  please 
indicate  at  approximately  what  time  you  felt  tiredest,  and  how  long  the 
tiredness  lasted. 

Morning  Afternoon  Evening 

from  :  to  :  from  ;  to  :  from  :  to _ j_ 

not  tired  at  all  not  tired  at  all  Pj  not  tired  at  all  f”| 

22a.  At  any  time  yesterday  did  you  have  the  impression  that  you  were  "fighting 

L 

b.  If  yes,  approximately  when?  __ __ _ _  _____ _____ _____ 

hour  a.m.  or  p.m* ? 

23a.  At  any  time  yesterday,  were  you  ever  so  tired  that  you  had  difficulty  con¬ 
centrating  on  a  task  which  you  were  trying  to  accomplish?  |  jYes  |  (No 

b.  If  yes,  from  :  to  :  ___________ _____ 

a.m.  or  p .m . ? 

Please  describe  briefly  the  task:  __ ___ __ _____ _ _______ _________ 


off"  sleep  or  that  your  eyes  kept  closing  "against  your  will"  ?j  (Yes 
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24a.  Did  you  take  any  napt  yaaterday?  [  "{Yea  [  |no 


b.  If  yea,  how  many  ?_^. 

c.  How  long?  from 


a.m.  or  p.m.? 


a  ,m .  or  p  .m .  ? 


a*m.  or  p.m.? 


a.m.  or  p ,m . ? 


d.  How  did  you  feel  when  you  got  up?  _  _ 

a.  Waa  the  nap  a  good  one?  |_jYes  1  I  No 

f.  Did  you  feel  refreahed  after  the  nap?  | jYea  |  {No 

g.  How  did  you  awaken  from  the  nap  yaaterday? 

□spontaneously  Qalarm  clock  Qfriend  Qt®l®Phone  Qother_ 


apacify 


h.  I  napped  yaaterday  .  .  .  |_J  lying  down  I _ {sitting  up 

25.  During  what  time  period  yaaterday  did  you  feel  the  moat  awake? 

from  :  to  : 

a.m.  or  p.m. ? 

26.  Approximately  how  many  houra  yaaterday  were  you 

in  classes _  studying  at  work _ 

#  hours  ♦  houra  #  hours 

other  tasks  or  activities  requiring  concentration _ 

please  specify  briefly  #  hours 

27a.  What  waa  the  moat  important  task  you  accomplished  yaaterday?  _ _ 


b.  Between  what  times  was  this  task  accomplished? 

from  ;  to  s  . 

a  .m .  or  p  .m .  ?  a  .m  •  or  p  .m .  ? 

9.  Additional  comments  regarding  your  sleep  last  night  or  about  your 

wakefulness  or  drowsiness  yesterday:  _ _ 


2  9 .  How  many  cups  of  coffee  or  tea  did  you  have  yesterday  ?  . 

30.  How  many  cups  of  coffee  or  tea  have  you  had  during  the  past  3  hours? _ 

31 .  How  sleepy  are  you  right  now? 

wide  awake;  the  need  for 

absolutely  no  , _ ,  ,  t  ,  ,  t  ,  ,  ,  sleep  Is  over- 

desire  to  12345678910  whelming;  sleep 
sleep  or  rest  is  unavoidable 

32 .  Could  you  go  to  sleep  now  if  you  had  the  time?  |  |  Yes  |  |No 
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Name: 


Date: 


middle 


Please  check  the  appropriate  box  that  applies  to  you  for  each  question. 


ALWAYS  USUALLY  SOMETIMES  RARELY  I  NEVER 


1 .  Do  you  study  with  the  radio  or 
a  record  player  on  ? 


: .  Can  you  study  with  the  radio  or 
a  record  player  on? 


3 .  Do  you  prefer  to  study  with  only 
one  light  on  in  the  room  and  all 
the  others  off? 


4 .  If  you  have  something  important 
to  concentrate  on ,  do  you  prefer 
a  completely  quiet  room  in 
which  to  work? 


5  •  Can  you  concentrate  on  some¬ 
thing  important  with  a  conversa¬ 
tion  in  the  background? 


6.  Do  you  prefer  to  go  to  sleep  with 
music  playing  at  a  low  level? 


7 .  Can  you  go  to  sleep  with  music 
playing  at  a  low  level  ? _ 


H ,  When  you  decide  to  go  to  sleep, 
do  you  insist  on  quiet 
surroundings  ? 


j.  If  familiar  sounds  occur  during 
your  sleep  time — such  as  a 
regular  elevated  train  going  by 
your  window  or  other  students 
talking  outside  your  dormitory 
or  apartment— are  you  able  to 
sleep  through  these  occurrences? 
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ALWAYS 

USUALLY 

SOMETIMES 

RARELY 

NEVER 

10.  Do  you  study  with  the 
television  on  ? 

1 1 .  Can  you  read  a  textbook  while 
the  television  is  on? 

' 

1 

1 

12 .  Cap  you  read  a  novel  while 
the  television  is  on? 

1 

i 

1 

i 

13.  In  order  to  go  to  sleep  or  nap, 
do  you  prefer  to  put  the 
television  or  radio  on  before 
doing  so? 

1  r  1 

l 

i 

i 

• 

14.  Can  you  go  to  sleep  or  take  a 
nap  in  a  movie  (or  play  or 
concert)  which  perhaps  does 
not  Interest  you  (but  where 
you  can't  yet  leave)? 

IS,  Do  you  find  it  easier  to  study 
with  someone  else  around  ? 

16.  If  you  have  work  to  do,  do  you 
work  better  with  sounds  in  the 
background  ? 

17 .  For  what  kinds  of  work  do  you  prefer  complete  quiet? 


18.  For  what  kinds  of  work  do  you  prefer  some  background  sounds? 


19.  What  types  of  background  sounds,  if  any,  are  for  you  conducive  to  working? 
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20.  Comments  with  regard  to  your  own  feelings  about  background  sounds  during  sleep! 
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Quasi-continuous  work  schedules  require  individuals  to  function  for  pro¬ 
longed  periods  with  few  extensive  sleep  opportunities.  Consequently,  sleep  loss 
may  jeopardize  effective  functioning.  The  aim  of  our  research  has  been  to  evalu¬ 
ate  the  potential  of  napping  to  facilitate  functioning  in  such  situations.  Our 
studies  have  focused  on  identifying  basic  individual  differences  in  napping  be¬ 
havior,  and  determining  the  implications  of  these  differences  for  the  ability  to 
nap,  the  nature  of  naps,  the  purpose  served  by  naps,  and  the  consequences  of 
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[napping  in  both  sleep-conducive  and  non-conducive  (alerting)  environments. 

These  issues  are  highly  relevant  to  the  implementation  of  prophylactic  napping 
during  sustained  operations.  We  present  an  extensive  study  involving  both  labor¬ 
atory  and  field  data  on  the  sleep/wakefulness  patterns,  napping  behavior,  psycho¬ 
physiology,  performance,  subjective  activation,  and  circadian  variation  in  two 
types  of  habitual  nappers  and  a  group  of  habitual  non-nappers.  Replacement  nap- 
pers  nap  to  compensate  for  shortened  nocturnal  sleep  the  night  before,  and  are 
the  most  common  type  of  nappers;  appetitive  nappers'  naps  are  not  tied  to  reduced 
nocturnal  sleep,  but  rather  may  be  part  of  a  natural  biphasic  sleep  cycle.  Appe¬ 
titive  nappers  exhibit  a  greater  control  over  napping  than  replacement  nappers. 
Confirmed  non-nappers  avoid  napping  because  it  produces  unpleasant  consequen¬ 
ces  for  them,  the  basis  of  which  might  be  the  intrusion  of  a  consolidated  noctur¬ 
nal  sleep  pattern  into  their  nap.  Naps  profoundly  improve  positive  mood  states  in 
nappers,  but  they  also  yield  Immediate  post-nap  performance  decrements — related 
to  aspects  of  sleep  infrastructure--that  are  relatively  quickly  dissipated.  Alert¬ 
ing  environments  and  intense  waking  stimuli  do  little  to  lessen  the  decrements. 

An  alerting  nap  environment  increases  the  proportion  of  light  sleep  during  a  nap' 
while  reciprocally  decreasing  deep  sleep,  but  only  marginally  diminishes  the  sub¬ 
jective  benefits  of  a  nap  for  nappers.  Nappers  preparing  to  nap  show  lowered 
activation  levels.  This  may  reflect  an  Increased  sleepiness  due  to  sleep  need, 
as  seen  in  replacement  nappers,  or  be  indicative  of  control  over  daytime  sleep, 
as  seen  in  appetitive  nappers.  This  preparatory  response--which  appears  to  pre¬ 
dict  whether  sleep  will  occur--has  implications  for  training  soldiers  to  use  avail¬ 
able  slack  times  for  napping  during  quasi-continuous  operations.  Our  findings 
are  reviewed  in  the  context  of  relevant  literature  on  napping  and  fragmented  sleep 
and  interpreted  in  terms  of  contemporary  theories  of  sleep  function.  We  propose 
that  the  next  study  involve  a  specific  test  of  the  efficacy  of  prophylactic  napping 
to  minimize  the  accumulation  of  sleep  debt  and  its  accompanying  performance  def¬ 
icit.  Finally,  future  investigations  should  focus  on  factors  that  may  enhance  the 
control  of  sleep  onset  (without  sleep  debt),  and  the  attenuation  of  the  negative 
effects  of  sleep  offset. 
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